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Abstract

In this study, the element enrichment of the Celtek Formation oil shales located in the Yeni Celtek coal mine field in the Sorgun district of Yozgat
province and the economic mineral deposit potential were investigated. The ICP-MS (ICP mass spectrometry) technique was used for elemental
analysis, and the Rock-Eval VI device was used to determine the amount of organic matter in rocks. Total Organic Carbon (% TOC) contents of oil
shale samples belonging to 2 different boreholes and one measured stratigraphic section (MSS) made on the surface in the study area vary between
1.37-11.8 wt% (average 4.96% wt%). Major and trace element contents obtained from the samples were compared with the major and trace element
values of standard environments known to have anoxic conditions worldwide. According to these results, petroleum products from the Celtek
Formation oil shales and naturally occurring radioactive materials such as U, Th, and K, especially from the remaining liquid rocks and ash, and Mn,
Mg, Pb, Zr, Sr, K, Ti, Ca, and Rb. In order to acquire elements such as U and Co, new scientific research in which different disciplines (such as
chemistry and metallurgy) will work together needs to be deepened.
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1. INTRODUCTION

The study area is located within the boundaries of the Sorgun district of Yozgat province in the northeastern region of Central
Anatolia. Sorgun district is surrounded by Akdagmadeni and Saraykent to the east, Sarikaya to the south, Cekerek to the north and
Yozgat-Center to the west.

The study area is located very close to the center of Sorgun and is about 35 km away from Yozgat city center in the northeastern
region of Central Anatolia (Figure 1). The area between Cankiri-Corum-Y ozgat was subject to very active tectonism during the Lower
Tertiary and was divided by faults and fold axes, forming many sedimentary basins here. The Sorgun Basin, one of these basins, is a
long and narrow branch of the Cankiri-Corum-Y ozgat Tertiary Basin that advanced eastward.

The oil shales, which are the main material of the study, are located in the Celtek Formation. This formation is generally 250-300 m
thick and consists of sandstone, coal, oil shale, lenticular sandstone, and mudstone [1]. The Celtek Formation starts with the
sandstones overlying the Yozgat granitoid and continues on the sandstones with coal layers of different thickness in different parts of
the basin. Brown and light brown oil shale packages were deposited on this coal, varying from 2 to 50 m throughout the basin. There
are 1.6 billion tons of oil shale reserves in Tiirkiye and the Celtek Formation has a important potentialwith a probable reserve of
90,000 tons, and their average calorific value is reported to be 541 kcal/kg [1].
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Figure 1. Site plan of the study area

Studies conducted by the USGS claim that world oil shale reserves are 3 trillion barrels, which is more than twice the world's crude oil
reserves. The oil equivalent reserves of oil shale in the world are 626 billion barrels in the US, 300 billion barrels in Brazil, 41 billion
barrels in Russia, 38 billion barrels in Zaire, 17 billion barrels in Australia, and 16 billion barrels in Canada and Italy. It is estimated
that 600-800 billion barrels of the 6 trillion barrels of oil shale calculated in the U.S. can be economically extracted [2].

Oil shale production started in 1916 and reached an annual production of 41 million tons in 1980. In Estonia, it is used to produce
electricity, gas, liquefied hydrocarbons, and other chemical products. from 1 ton of oil shale 850 kWh of electric energy and 125 kg of
oil are obtained. Oil shale is produced at various scales in Germany, Israel, and Russia, and numerous oil shale projects are in the
planning phase in countries such as Australia, Jordan, and Morocco. In the U.S., there are commercial-scale research and
implementation projects in Colorado and Utah.

Oil shales are fine-grained rocks of various lithologies that contain refractory organic matter that can be refined into fuel. The soluble
portion makes up about 20% of the organic matter, while the remainder is insoluble kerogen (about 5-50%). All oily shales are
composed largely of algal biota. They are usually stored in shallow lakes, swamps, or seas. Thank you for your technological progress,
oil shales will be one of the most important energy sources in the near future and will gain importance in exploration and research. Oil
shales have a great diversity in terms of composition, lithological association, and origin. Today, oil shales are used as the main
energy source in many countries. For example, the estimated reserves in China are 2x10" tons, which is equivalent to 80 billion tons
of shale oil. According to this ratio, China ranks fourth after the USA, Brazil, and Estonia [2]. Oil shale is an important resource that
can be used for the production of synthetic oil and gas, as a solid fuel in thermal power plants, as a raw material for cement from shale
residues, as a fertilizer and soil stabilizer in agriculture, for the production of adsorption carbon and activated carbon, and for the
enrichment of rare elements and metals contained in it.

The main elements contained in oil shale are Al, Ca, Fe, Mg, K, Si, and Na. Trace elements are B, Ba, Cr, Cu, Li, Mn, U, Mo, Ni, Pb,
RbD, Sr, Ti, V, Zn, Re, Os, etc.
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The main and trace elements can be obtained in the first stage of exploitation of oil shale or with the help of technologies for the
enrichment of the remaining ash. For example, in the so-called Rohrbach process, established in Dotternhausen (Germany), electrical
energy is obtained by burning oil shale, and valuable trace elements (such as Rb, Sr, Ti, V, Zn, and U) are obtained by enriching the
elements contained in the burned ash. The remaining unusable wastes are used to produce cement raw materials [3].

The inorganic constituents of oil shale generally consist of clays (mainly illite and chlorite), carbonate (calcite and dolomite), feldspar,
sulfide, sulfate, zeolite, pyrite, evaporite minerals, and quartz. These inorganic components provide important information about the
precipitation environment and precipitation conditions. Minerals representing inorganic components in organic material also provide
information about climate, living species, the chemical character of solution, and alteration.

In the future, it is inevitable to study the oil shale resources that have the potential to be mineral deposits in our country and in the
world, and to evaluate possible resources. In this context, the main and trace elements found in the oil shales of the study area, in the
shelf sediments of the Peruvian Coast, in the shelf sediments of the Namibian Coast, in the sediments of the Gulf of Calif, in the
Mediterranean Sea Sapropel, in the Black Sea Sapropel, in the anoxic sediments of the Cenoman/Turon (C/T) Demerara Uplift and in
the anoxic sediments of the C/T Gubbio, were compared with the major and trace element values. The enrichment of major and trace
element concentrations was determined in the studied samples compared to the average shale.

2. GEOLOGICAL SETTING

The oldest units observed in the study area and its surroundings is the Central Anatolian granitoid. The Celtek Formation of the Lower
Eocene age unconformably overlies the Central Anatolian granitoid. This unit is followed unconformably by the Bogazkdy Formation
of the Lower to Middle Eocene age. This formation unconformably overlies the Cekerek Formation of the Middle-Upper Eocene age.
Overlying the Cekerek Formation are the tectonically displaced Darmik Formation of the Izmir-Ankara-Erzincan Zone, as well as the
rocks of the Artova ophiolite complex and the Middle Miocene to Quaternary sediments, which unconformably overlie this entire
sequence. The unit consisting of ophiolitic rocks in the study area, the so-called Izmir-Ankara-Erzincan-Sutten belt, overlies the
Bogazkoy Formation as a result of Late Lutetic horizontal movements. All these units are covered by Neogene sediments [4,5].

The unit in which the oil shales are deposited is the Celtek Formation. This formation starts with sandstones overlying granitoid. The
sandstones are white-light gray in the underground mining areas. There is a charcoal layer of varying thickness on the sandstones.
Above the coal layer, there are brown and light brown oil shales with a thickness of 2-3 m and sandstone layers of 5-10 cm in
between. The thickness of the oil shale reaches up to 50 m in some boreholes. Lenticular sandstone and mudstone interbed overlie the
oil-bearing shale layers. This is followed by a 50 cm thick mudstone layer, 1-1.5 m thick, light yellow colored, weakly consolidated,
sandy-gravelly units consisting mainly of coarse sand and occasionally fine gravelly material, and 30 cm thick mudstone layers
marked with cha

3. MATERIAL AND METHOD

The research material consists of samples representing the Celtek Formation. For the study, the samples were collected from three
different points, one surface (YC MSS) and two boreholes (SJ and C). The surface samples were collected using a systematic MSS
study. Samples from the boreholes (SJ and C) were collected approximately 10 cm from each meter (Figure 2). A total of 29 oil shale
samples were evaluated in this study. In addition, 3 samples from Estonia, Utah, and Jordan, which can be considered as references in
different parts of the world, were included in our study. the percent TOC content of rocks, S1-S2-S3 hydrocarbons, Tmax, PI, HI, and
OI were determined by pyrolysis analysis, where data such as [6] can be obtained. Pyrolysis analysis was performed in the laboratories
of the TPAO organic geochemistry research group using the IFP 160000 (Institut Francais du Pétrole) standard on a Rock-Eval VI
instrument. The TOC content in the rock is a minimum of 1.37 wt%, a maximum of 11.8 wt%, and an average of 4.96 wt%. To better
determine elemental enrichments in the basin, only oil shale samples were analyzed. Inorganic geochemical analyzes of samples
pulverized in agate mortar were performed at ACME Analytical Laboratories Ltd (Canada) using the techniques ICP-ES (ICP
emission spectrometry) and ICP-MS (ICP mass spectrometry). The element abundances obtained were interpreted by comparison
based on rocks, and their geochemical behavior was studied by calculating the correlation coefficients. The enrichment values of the
elements belonging to our study area were compared with the elements in other reducing environments known worldwide. Thin
sections were prepared from 12 samples for petrographic and mineralogical studies and examined under a Leica-DM-EP microscope.
The thin sections were prepared using Araldite from samples in rock laboratories on a standard 28 x 48 x 1 mm glass slide (lam) in the
mineralogy and petrography laboratories of the MTA-MAT department. It was ground in the laboratories of Y ozgat Bozok University
36
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Geological Engineering laboratories were determined and interpreted by XRD analyses in the laboratories of the Department of
Mineralogy and Petrography of the MTA, MAT. XRD analyses were performed using a Philips Panalytical XRD instrument with a Cu
X-Ray tube.
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Figure 2. Type section of SJ-C borehole and YC MSS (not to scale)
4. RESULTS AND DISCUSSION
4.1. Mineralogical Analysis

In this study,mineralogical and textural analyses, mineral characterization, the quantitative abundance of minerals, mineral chemistry,
and mineral paragenesis are analyzed for determination.Thin sections were selected from the samples at different depths where the
depth-dependent changes in the samples and prepared and analyzed to determine the mineralogical and textural composition of oil
shale and other rock samples rich in organic matter, and XRD analyses of powder samples were performed.These analyses were used
to determine the mineral constituents and structure-texture relationships of the rocks. The mineral constituents of the rocks were
determined by XRD analysis.

Oil shale is found in sedimentary rocks and generally contains clay minerals (kaolinite, smectite, illite, chlorite), carbonate minerals
(calcite, dolomite), minerals such as quartz, feldspar, pyrite, and organic matter as mineral components. The strata of the Celtek
Formation generally consist of an alternation of sandstone, coal, oil shale, lenticular sandstone, and mudstone. The drill samples
collected in the study area completely cut the oil shale layer. Fine-grained quartz and feldspar minerals are observed in a
homogeneous distribution. Opaque organic material in the form of fine lines is cutinite (Figure 3). Small- to medium-grained
crystalline quartz minerals; feldspar minerals as small-to-medium-grained homogeneously distributed crystals; and opaque minerals as
small-grained crystals are observed. Its binder is carbonate. The rock's name was determined to be sandstone (Figure 4). Minerals such
as quartz, calcite, dolomite, biotite, and feldspar were detected in these samples, which are rich in organic material.
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Figure 4. Feldspar and quartz crystal in sandstone

Quartz, feldspar, dolomite, calcite, pyrite, gypsum, analcime, and clay minerals were determined in the samples with XRD analysis. In
the borehole samples, the predominant mineral is quartz. Feldspar and clay minerals are other common minerals. In addition, calcite,
dolomite, pyrite, and gypsum are also present in varying proportions (Tables 1 and 2).

Table 1. Minerals detected by XRD in the C boreholes samples Table 2. Minerals detected by XRD in the SJ boreholes samples

Sample Quartz Feldspar Calcite Dolomite Pyrite KaoliniteChloride Mica/Illite Sample Quartz Feldspar Calcite Pyrite Gypsum Kaolinite ChlorideMica/llite Smectite
C.1 + + . = + + + + SI.1 + + B 2 i - + + -
c.2 + + - - + - + + SI2 + + + - - - + + +
C.3 i s = & + + = + SI3 - 2 + 2 5 = + +
c4 + = + = T = k5 * SJ4 - - + & & + + &
5 + - + - + - + + Sls B + + - & + - - -
Cc.6 + - * - + + - - S1.6 + + i+ - - - ¥ + i
C7 + - - - + + - + S1.7 + + + - - - + + -
C.8 + + + - + + - + SJR - + - - - - + + -
Cc9 + + + - + + - + S1.9 - + + = - + + + -
C.10 + + - - + + - - SJ.10 + + - . - + + + -
il - - - - + - + + SI.11 - B + - - - + + -
C.12 + - - - + + + SI.12 + + - + + + + + @
C.13 + + - - + + - - SI.13 + + - + + + -
C.14 + ax + + + + + + Sl.14 + + - - - + + + +
C.15 + + + - + + SJ.15 + + - + - + + + -
C.16 + + - + - + - + SJ.16 + + - - + + + +
Gil7 - - - + + + + + SJ.17 + + = u & = + + P
C.18 - s - - - + + SJ.18 + +* - - - + + + +
C.19 + + + - + - - + SJ.19 + + - S & + + + &
C.20 - - s s + + - + S1.20 + + - - - + + + -
Cc21 - - - & + + a + S1.21 + + - - - + + + -
[odr7) + - - - + + - + §).22 4 + - - - + + + -
Cc.23 + = = L « + a + SJ.23 + + + - - + + & +
C.24 + - - - + + - + S1.24 + + + + - - + + -
25 - - - - + + s + S1.25 + + + - + £ £ +
C.26 + - - + + - +
c27 * - - - + + ” ¥
C.28 + - - - - + - -

C29 + - - - - + - 5
C.30 + - - - + + -

C.31 + - + + + + ) B
€32 + + - - + + ] =

C33a + - - + + - -

C.33b + S " = 5 + z 5
C.34 & * - - - + " &
¢35 + - - 5 = Yy
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4.2. Total Organic Matter (TOC)

Total organic carbon (TOC) is the sum of the carbon content of the kerogen and hydrocarbons derived from the kerogen but not
removed from the rock [7]. The potential of source rock and TOC values of different researchers are shown in Table 3. TOC values of
oil shale of Celtek formation; TOC,;,: 1.37 %, TOC nax: 11.8 %, TOC pean: 4.96 %. According to the values given in Table 1, the study
area is in the range of "very good - excellent" in terms of source rock quality. However, these values in Table 1 are for petroleum
source rocks. TOC values % for oil shale, < 4 % uneconomical, 4-10 % moderately economical, and > 10% High/very economical
have been determined. Based on these results, the samples in the study area can be considered moderately economical.

Table 3. TOC values and source rock quality

Jarvie (1991)[8] Tissot ve Welte (1984)[9] Peters ve Cassa (1994) [10]
TOC(%) | Source Rock Quality | TOC(%) | Source Rock Quality | TOC(%) | Source Rock Quality
0-0.5 Insufficient 0.1-0.5 Weak 0-0.5 Weak
0.5-1 Middle 0.5-1 Middle 0.5-1 Middle
>1 Sufficient 1-2 Good 12 Good
2-10 Rich 24 Very Good
>4 Excellent

4.3. Trace Element Contents of Oil Shales

Geochemistry is often very important for interpretations related to elements, constituents, and isotopes, and especially for quantitative
analyses. The geochemical distribution of major (> 1%), minor (0.1-1%), and trace elements (0.1%) reflects the character of the
depositional environment of the host sediments. Using the abundance values of a single element to interpret the character of a geologic
environment can produce misleading results, but element ratios can be used to interpret the environment [11]. All adsorbed elements,
from ambient water to organic and inorganic materials, can be used to determine the reservoir environment. These indicator elements
may be retained in primary minerals or in organic matter formed in the surrounding waters, or they may be retained by the growth of
authigenic minerals during sedimentation or immediately after storage [12]. In addition to trace element abundances, all rock
components, isotope ratios, exchangeable cations, and geochemical processes are used to determine the storage environment.

All samples studied in this project consist primarily of carbon-rich shales, limestones, and marls. The shale samples were specifically
analyzed for geochemical studies. The ICP method was used to determine the presence and abundance of major, minor, and rare earth
elements in the oil shale samples of the Celtek Formation of the Sorgun Basin, and charts and graphs were prepared (Tables 4 and 5;
Figures 5 and 6).

After analyzing the collected samples, the average values of element abundances were compared with those of the Estonian, Utah, and
Jordanian shales, which we used as reference values in Tables 4 and 5.

Table 4. Average values of the main elements of the oil shale samples from the Celtek formation

Si02 A1203 Fezog, MgO Ca0O NazO Kzo Ti02 P205 MnO Cl‘203

EST 10.11 223 0.99 0.65 13.44 0.05 1.21 0.14 0.09 0.01 0.004
UTH 26.83 5.57 3.48 6.23 24.52 1.21 2.46 0.18 0.05 0.03 0.004
URD 19.23 3.51 1.15 0.83 24.53 0.16 0.69 0.17 3.19 0.01 0.068

C avr (n=10) 42.061 | 20424 4.188 0.461 1.132 0.173 2.022 0.507 0.06 0.0685 |0.00316
YC avr (n=9) 46.38 | 22.22778 | 6.253333 | 0.931111 | 0.657778 | 0.192222 | 2.42 0.486667 0.1 0.118778 | 0.0051

SJavr (n=10) |59.942| 13.719 4.635 1.281 4733 1.139 3912 0.522 0.1 0.0629 | 0.00539
Basin Average |49.461 | 18.79026 | 5.025444 | 0.891037 | 2.174259 | 0.501407 | 2.784667 | 0.505222 | 0.086667 | 0.083393 | 0.00455
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Figure 5. Ratios of major elements of oil shale samples from Celtek formation of Sorgun basin [5]

Table 5. Average values of trace elements of oil shale samples from Celtek formation of Sorgun basin

Ba Sc [Co | Cs | Ga |Hf | Nb | Rb | Sn Sr Ta | Th U \4 W Zr Mo | Cu Pb Zn Ni As Cd | Sb | Bi

EST 77.0 1 20 | 32 | 08 | 1.5 [09 |26 [ 22.0 |09 239.6 |02 25 | 1.7 | 20.0 | 18.7 | 33.8 1.6 | 35 | 154 5.0 9.9 | 4.1 0.1 [01]0.1
UTH 588.0| 40 [ 17333 |52 |11 ]43 | 71.8 [09]12350|03 | 52 | 50 | 540 | 529 | 43.7 | 12.0 (146 | 148 | 33.0 | 128 | 625| 04 (08|02
URD 53.0 | 50 | 49 107 [ 29 [09 31 [ 142 |09 751.5 [ 02| 2.0 [31.1 [297.0 | 93 | 38.5 [103.1 1949 | 6.6 |924.0 | 2303 [ 6.8 [150.3 | 1.7 ]0.1
Cavr(n=10) | 724.1 | 7.1 [ 10.6 | 22.5 | 25.1 | 5.0 [ 18.2 | 1429 (45| 2288 | 1.0 |63.0 | 456 | 74.1 [34.5|187.0 | 33 [18.7]104.1]1005| 79 |286| 03 |08 |27
YCavr (n=9) |370.4 ] 12.0 | 17.4 |20.8 | 269 |38 | 13.7 | 1533 (45| 1859 | 08 |49.4 | 13.4 [ 112.6 | 27.8 | 1329 | 40 [27.8 | 72.0 | 166.0 | 124 |345| 04 |05 |24
SJ avr n=10) | 732.8 | 93 | 157 | 37.1 | 148 [ 53 [ 13.9 [ 186.1 | 3.2 | 409.7 | 0.9 [ 29.3 [ 81.5 | 825 [ 754 |2142 | 45 |17.6 | 41.6 | 72.1 | 12.6 [39.5| 02 [0.7]08
Basin Average [ 609.1 | 9.5 | 14.5 |26.8 [ 222 |47 [ 153 [160.8 | 4.1 | 274.8 | 09 | 47.2 | 46.9 | 89.7 [ 459 | 178.0 | 39 214 72.6 | 1129 | 11.0 [342| 03 [0.7]20
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Figure 6. Trace element ratios of oil shale samples from the Celtek formation of the Sorgun basin [5]

4.4. Element Enrichments

In this study, the element enrichment of the oil shale samples from the Celtek Formation of the Sorgun Basin was calculated based on
various average values in Table 4 for each sample point, which is shown in Tables 6-16 and in Figures 7-14. Element enrichment
coefficients were calculated using the element enrichment formula [EFelement X = (X/Al)sample / (X/Al)standard] used by Brumsack
[13]. These calculations were also used to determine the depth-dependent enrichment coefficients of all evaluated samples (Tables 6-
16). If the value resulting from these calculations is greater than 1, it was interpreted that the analyzed samples were enriched
according to the standard values; if it is less than 1, shows that you are consumed.

The average carbonate and shale values of the reference data used were obtained from Turekian and Wedepohl [14], the average
elemental values of the Peruvian coast were obtained from Boening et al. [15], the average element values of Namibian Muds were
determined by Borchers et al. [16], the average elemental values of the Mediterranean Sea sapropel were obtained from Warning and
Brumsack [17], the average elemental values of the Black Sea sapropel were obtained from Jorgensen et al. [18], the average
elemental values of C/T Demerara Rise and C/T Gubbio were taken from the studies of Brumsack [13].

The geochemical behavior of trace elements in sediments rich in topical organic carbons, upwelling areas, and anoxic basins has been
investigated in numerous studies [19]. Similar studies have been performed on aged oil shales [20,21]. The accumulation of redox-
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sensitive elements reflects the storage environments of TOC-rich sedimentary rocks and, therefore, is used to indicate the conditions
required for their formation [20—22]. Organic carbon-rich rocks such as the Seroman-Turon (Cenoman-Turon boundary event -
CTBE) are significantly enriched in sulfide formation and/or redox-sensitive trace elements [17, 21]. In recent TOC-rich sediments in
the Black Sea [19,23] and in Norwegian black shale, significant enrichment of some trace elements (except Co and Mo) has been
observed. Trace elements such as V, Ag, Bi, Cd, Mo, Re, Sb, Tl, U, Co, Cu, Cr, and Ni have accumulated in the Volgian and Early
Berriasian black shale. These elements are strongly retained in the sediments under reducing conditions [19,22,24—26]. They either
precipitate as free sulfides and bind to organic material or co-precipitate with Fe sulfides [27].

Table 6. Average reference values

Element/Al Average Average Average Peru Namibian Mud Mediterranean Black Sea |C/T l?emerara C/T Gubbio
Carbonate[13] Shale[13] Marin|[14] Lenses[15] Sapropels[16] Sapropels[17] Rise[18] 18]
Mu/Al (%) 2619.000 96.000 52.000 28.000 202.000 129.000 42.000 23.000
Mg/ Al (%) 11.191 0.188 0.280 0.380 0.390 0.300 0.240 0.230
Fe/Al (%) 0915 0.590 0.450 0.800 1.220 0.650 0.620 1.330
Si/Al (%) 5.714 0913 4.330 30.200 2.650 3.080 6.130 16.400
K/Al (%) 0.643 0.333 0.280 0.390 0.250 0.300 0.260 0.370
Ti/Al (%) 0.100 0.053 0.052 0.080 0.061 0.048 0.053 0.044
Ca/Al (%) 71.976 0.276 1.500 2.000 4.070 5.150 8.570 0.220
Na/Al (%) 0.095 0.120 0.980 0.910 0.450 0.980 0410 0.050
Cr/Al (%) 26.191 11.250 24.400 72.000 28.300 12.200 57.000 33.900
Pb/Al ppm 21.429 2.500 3.500 3.700 2.900 5.300 3.000 16.700
Zr/Al (ppm) 45.238 20.000 21.000 25.200 24.000 18.000 15.000 19.000
P/Al (ppm) 0.095 0.009 0.096 0.170 0.016 0.018 0.070 0.046
Sr/Al (ppm) 1452.381 37.500 86.000 181.000 200.000 271.000 318.000 122.000
Rb/Al (ppm) 7.143 17.500 12.300 22.000 12.100 15.600 11.200 16.700
U/Al (ppm) 5.238 0.463 2.300 28.600 4.100 3.200 4.870 2.900
Ba/Al (ppm) 23.810 72.500 69.000 298.000 341.000 174.000 155.000 3638.000
Cu/Al (ppm) 9.524 5.625 11.600 32.000 33.100 17.600 31.900 63.000
Ni/Al (ppm) 47.619 8.500 20.200 41.000 54.600 16.700 60.000 52.400
As/Al (ppm) 2.381 1.625 4.300 11.000 15.400 4.150 8.600 18.000
V/Al (ppm) 47.619 16.250 38.000 126.000 139.000 29.000 491.000 271.000
Zn/Al (ppm) 47.619 11.875 24.000 29.000 25.000 19.000 246.000 249.000
Sb/Al (ppm) 0.476 0.188 0.500 2.670 0.570 4.380 1.560
Co/Al (ppm) 0.231 2.375 1.200 2.900 17.400 6.200 2.810 5.900
Mo/Al (ppm) 0.714 1.375 10.600 37.000 27.900 14.700 37.700 12.800
Cd/Al (ppm) 0.083 0.075 8.500 26.000 2.700 0.260 5.810 2.140

AVERAGE SHALE
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Figure 7. Elemental enrichments compared to average carbonate [13] Figure 8. Element enrichments compared to average shale [13]
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Figure 9. Element enrichments compared to the Peru margin average [14]
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Figure 11. Element enrichments compared to the average Mediterranean
Sapropels [16]
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Figure 13. Element enrichments compared to the C/T Demerara Rise

average [18]
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Figure10. Element enrichments compared to the average of Namibian
Muds [15]
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Figure 12. Element enrichments compared to the average Black Sea
Sapropel [17]
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Table 7. Element enrichments by carbonate average

Car/ltt‘)lle]:tlege[ml Mn | Mg | Fe | Si K [ Ti | Ca|[Na|Pb| Zr P Sr | Rb U Ba [Cu | Ni | As | V Zn Sb | Co Mo Cd
EST 0.020(0.030{0.641]0.701|1.324]0.711]0.113]0.330{0.609{0.633|0.350(0.140|2.610| 0.275 | 2.740 {0.311]0.176(1.459]0.356| 0.089 |0.160|11.737 [ 1.898 | 0.915
UTH 0.025[0.114[0.903]0.7451.0780.3660.0833.199 [0.234|0.3280.078 [0.2883.410| 0.324 | 8.377 |0.520]0.091{8.904]0.385| 0.235 |0.570]|25.405 | 5.699 [ 1.629
URD 0.012(0.024]0.473]0.8470.480|0.549|0.131]0.671 [0.166 |0.458 | 7.872[0.279|1.070| 3.196 | 1.198 |5.364|2.603|1.537|3.357|10.445[1.922|11.419 |77.698 [ 971.282
C5 0.027[0.004]0.274]0.4630.437]0.390{0.0020.394 {0.295|0.7330.028 {0.019|2.507| 0.321 | 2.709 |0.156]0.015[0.754]0.137| 0.167 |0.065] 5.227 | 0.159 | 0.248
C8 0.083]0.005]0.860]0.5180.485]0.315]0.009]0.409 [0.347|0.649]0.045[0.038 |2.671| 0.501 | 3.689 [0.260]0.031{2.606]0.210| 0.210 |0.207]10.020 [ 0.575 | 0.394
C10 0.010{0.004|0.454]0.331]0.277]0.2780.0010.126 {0.371|0.338 | 0.051 {0.015| 1.986| 0.367 | 1.570 |0.270]|0.033[1.655]|0.169| 0.356 |0.148] 6.631 | 0.296 | 0.605
C12 0.043]0.003]0.352]0.343]0.293]0.2780.000|0.114 {0.287]0.339]0.039[0.015 | 1.940| 0.234 | 1.846 [0.187]0.020{1.352]0.160| 0.352 |0.126] 5.091 | 0.156 [ 0.412
C19 0.014[0.002{0.280]0.335]0.295]0.321]0.000]0.094 {0.352[0.3980.018 {0.013|1.977| 0.208 | 1.814 |0.173]0.020{1.445]0.158| 0.143 |0.084] 5.506 | 0.123 [ 0.192
C22 0.002(0.002{0.264|0.4620.4010.437|0.000|0.220 {0.407|0.919]0.018 {0.016{2.299| 0.258 | 3.032 |0.165]|0.022(1.169]0.157| 0.331 |0.143| 6.528 [ 0.218 [ 0.350
C28 0.001{0.001{0.088]0.225]0.114]0.234]0.000|0.027 {0.331[0.187]0.013 {0.009|1.648| 0.795 | 0.652 |0.203]|0.002{0.189]0.071| 0.033 |0.135] 0.429 | 0.384 | 0.063
C29 0.003(0.001{0.612]0.202/0.062|0.116{0.0010.025[2.297|0.1440.066 [0.019|0.908 | 7.574 |22.361|0.188]|0.020(2.724|0.304| 0.554 |0.777| 5.365 | 2.050 | 1.932
C32 0.002{0.001]0.263]0.2240.1280.257]0.0000.026 [0.266 | 0.266 | 0.005 [0.010 | 1.614| 0.512 | 0.656 |0.087]|0.006(1.270{0.109| 0.072 |0.115] 2.381 | 0.631 [ 0.132
C33b 0.001{0.001]0.1050.219]0.093]0.201[0.000|0.020 {0.362[0.131|0.009 {0.009 | 1.311| 0.254 | 0.542 |0.154]|0.006(0.200{0.111| 0.047 {0.054| 1.591 [ 0.515 | 0.155
YC2 0.002{0.001]0.298]0.230/0.107]0.211]0.000]0.026 {0.341|0.1430.015[0.007 | 1.388| 0.406 | 0.623 [0.212|0.008[1.211]0.150| 0.540 |0.141] 7.947 | 1.338 | 0.604
YC5 0.105(0.005{0.790|0.3250.267|0.316|0.001|0.072 {0.323]0.391|0.047 [0.013 | 1.808 | 0.193 | 1.668 |0.153]|0.016(0.661|0.157| 0.177 {0.078] 5.170 [ 0.130 | 0.222
YC6 0.018]0.003]0.252]0.335]0.2780.297]0.000|0.070 {0.306 0.361|0.037{0.012|1.938| 0.257 | 1.641 |0.188]0.023[0.890|0.162| 0.188 |0.102] 5.662 | 0.216 | 0.293
YC7 0.007[0.003]0.338]0.3640.306|0.290{0.0010.101 {0.2960.3830.060 {0.015|2.000| 0.266 | 1.850 |0.251]|0.020{1.128]0.168| 0.533 |0.078]10.219 | 0.273 | 0.893
YC10 0.013]0.005{0.333]0.302]0.273]0.218]0.0010.139{0.273|0.1710.053 [0.008 | 1.765| 0.127 | 1.107 |0.367]0.037[1.136]0.248| 0.148 |0.114] 7.898 | 0.303 | 0.186
YC12 0.021{0.005{0.476]0.390/0.290|0.205|0.0010.096 {0.2530.204|0.039[0.012|1.969| 0.173 | 1.419 |0.230]0.026(1.794]0.234| 0.176 |0.080] 5.725 | 0.626 | 0.228
YC13 0.031{0.004]0.407]0.2930.265]0.205[0.000]0.118 {0.223]0.176|0.029{0.010| 1.824| 0.181 | 1.127 [0.267]0.022{1.914]0.231| 0.171 |0.084] 4.345 | 0.546 | 0.191
YC14 0.024[0.006{0.362]0.343 0.3050.264|0.0000.343 {0.277]0.200| 0.026 {0.011 | 1.940| 0.150 | 1.265 |0.300]0.024[1.104]0.250| 0.456 |0.086] 4.381 | 0.354 | 0.294
YC15 0.006(0.006{0.452|0.335]0.306|0.233|0.0000.165 {0.253|0.185]0.047 [0.011|2.001| 0.501 | 1.247 |0.348]|0.038(1.037|0.252| 0.128 |0.036]12.595 [ 0.225 | 0.508
SJ2 0.023[0.009{0.421]0.7480.737|0.4480.012|1.394 [0.173]0.7090.064 {0.043 | 3.353 | 0.157 | 5.898 |0.186|0.058(0.764|0.180| 0.111 |0.131] 6.665 | 0.109 | 0.187
SJ4 0.118]0.022{0.817]0.865|1.019]0.371]0.030]0.316[0.552|1.432]0.068 [0.061 |5.523 | 2.194 | 3.914 |0.251]0.039[0.824]0.260| 0.327 |0.179]13.756 [ 0.090 | 0.256
SJ6 0.025(0.014{0.506|0.6270.6980.473|0.007 | 1.995 [0.293|0.657|0.095 [0.039|3.790| 2.039 | 5.013 |0.263]0.054(1.668|0.285| 0.261 {0.109] 9.070 [ 0.018 | 0.311
SJ8 0.060(0.012{0.605]0.6040.5730.572(0.027]3.332{0.333]0.819]0.128 {0.099|2.961 | 0.276 | 4.793 |0.133]0.032{1.319]0.252| 0.152 |0.207]10.251 | 0.021 | 0.395
SJ10 0.006(0.008|0.702]0.4820.4980.385[0.0010.146 {0.379]0.4330.032 {0.023|3.590| 0.849 | 2.099 |0.365]|0.059(4.708]0.250| 0.488 |0.196]|11.476 | 0.916 | 1.122
SJ12 0.003[0.006{0.353]0.5070.499|0.384[0.001|0.232 {0.2820.4810.025 [0.023 | 2.888 | 13.577 | 2.259 {0.390|0.030(4.694]0.241| 0.204 |0.742| 6.597 [ 6.199 [ 0.530
SJ14 0.003[0.005{0.191]0.953]0.797]0.351]0.000|1.295[0.139]0.6240.035[0.035|3.651 | 0.470 | 5.073 |0.081]0.013{3.322]0.139| 0.090 |0.129] 8.326 [ 0.129 | 0.166
SJ16 0.007[0.007{0.675]0.767 0.6580.490{0.000|0.787 {0.136|0.810]0.025[0.028 |3.672| 0.111 | 3.372 {0.177]0.017(2.302{0.262| 0.134 |0.233] 5.693 | 0.078 | 0.150
SJ19 0.008[0.008|0.378]0.603 0.839]0.469[0.001 | 1.111{0.176]0.685]0.100{0.041 |4.089| 0.187 | 6.478 |0.188]0.027[1.221]0.212] 0.157 |0.097] 6.468 | 0.032 | 0.124
SJ22 0.006(0.009{0.354]0.7800.800]0.377]0.001|2.032 {0.153]0.607 | 0.072{0.040|3.331| 0.105 | 6.224 |0.118]0.012{1.189]0.129| 0.132 |0.110] 6.296 | 0.018 | 0.142
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Table 8. Elemental enrichments by shale average

Average Shale [13]| Mn | Mg | Fe | Si | K | Ti | Ca |Na | Pb | Zr P Sr | Rb U Ba | Cu| Ni As | V | Zn | Sb | Co | Mo Cd
EST 0.558|1.771(0.99414.388(2.560(1.342]|29.461(0.262] 5.219 |1.432| 3.803 | 5.414 (1.065]| 3.114 [0.900]0.527( 0.987 | 2.138 |1.043| 0.357 |0.407(1.142([ 0.986 | 1.017
UTH 0.670]6.797(1.39914.662(2.083(0.691|21.519(2.538] 2.008 |0.741| 0.846 [11.172(1.392] 3.667 [2.751]|0.880( 0.511 |13.047|1.127| 0.943 |1.447(2.471( 2.960 | 1.809
URD 0.319]1.437(0.734]5.303(0.927(1.035|34.163(0.532] 1.421 |1.036(85.64810.788(0.437| 36.198 [0.394|9.082(14.585] 2.253 |19.839(41.886|4.881(1.111{40.363|1078.770
C5 0.747(0.236]0.424(2.899(0.845[0.735[ 0.619 {0.313 2.530 [1.657( 0.309 | 0.731 [1.023]| 3.637 [0.890]0.264| 0.081 | 1.105 [0.400| 0.669 [0.165(0.508| 0.083 | 0.275
C8 2.269(0.296|1.333(3.241(0.939(0.594( 2.395 [0.325( 2.975 1.468( 0.491 | 1.477 [1.090| 5.679 [1.211]0.441(0.172 | 3.819 [0.616| 0.843 [0.525|0.975| 0.298 | 0.438
C10 0.265(0.230]0.704(2.073|0.536[0.524 0.162 [0.100( 3.176 {0.764( 0.553 | 0.584 [0.811]| 4.162 [0.516]0.457( 0.184 | 2.425 [0.496| 1.426 [0.376/0.645| 0.154 | 0.672
C12 1.187(0.174{0.545(2.148]0.566(0.524| 0.124 [0.090( 2.462 [0.767| 0.428 | 0.565 |0.792| 2.654 [0.606]0.317(0.112 | 1.981 [0.470| 1.410 [{0.320/0.495( 0.081 | 0.458
C19 0.369(0.147|0.433(2.096(0.571{0.606( 0.079 [0.074( 3.014 {0.901( 0.199 | 0.519 [0.807| 2.352 [0.596]0.293| 0.113 | 2.117 [0.463| 0.573 [0.213|0.536| 0.064 | 0.213
C22 0.058(0.128]0.409(2.8940.775[0.825( 0.068 [0.174 3.487 [2.079( 0.194 | 0.620 [0.938| 2.924 [0.996]0.280( 0.124 | 1.712 [0.461| 1.327 [0.363|0.635| 0.113 | 0.389
C28 0.035[0.071(0.136(1.411(0.220]0.442] 0.062 (0.022 2.841 {0.423| 0.145 [ 0.358 |0.673| 9.003 (0.214]0.343]| 0.011 | 0.276 |0.208| 0.133 (0.342(0.042| 0.199 | 0.070
C29 0.095(0.067]0.948(1.266(0.121{0.218( 0.167 [0.020(19.686{0.325( 0.722 | 0.736 [0.371| 85.778 [7.343]0.318( 0.110 | 3.991 [0.891| 2.223 [1.974|0.522| 1.065 | 2.146
C32 0.065(0.071]0.408(1.403(0.247(0.485( 0.094 [0.020( 2.283 [0.603( 0.055 | 0.402 [0.659| 5.802 [0.215]0.147( 0.031 | 1.861 [0.318| 0.287 [0.293|0.232( 0.328 | 0.147
C33b 0.038|0.064(0.162(1.372(0.180]0.379] 0.065 [0.016 3.103 {0.296| 0.096 [ 0.344 |0.535| 2.872 (0.178]0.260] 0.033 | 0.294 |0.325] 0.190 [0.138(0.155| 0.267 | 0.172
YC2 0.050]0.078(0.462|1.443(0.207{0.398| 0.069 [0.021] 2.921 10.323] 0.167 | 0.271 [0.567| 4.604 [0.205]0.359( 0.045 | 1.775]0.438( 2.167 |0.358(0.773[ 0.695 | 0.671
YC5 2.864/0.322(1.225]2.033(0.515[0.597| 0.321 [0.057| 2.766 |0.884{ 0.508 | 0.501 [0.738]| 2.182 [0.548]0.258( 0.091 | 0.968 |0.461| 0.709 |0.197(0.503| 0.067 | 0.247
YC6 0.481|0.157(0.390]2.097(0.537{0.561| 0.107 [0.055] 2.622 |0.818| 0.405 | 0.468 [0.791] 2.916 [0.539]0.318( 0.127 | 1.305 |0.475| 0.752 |0.260(0.551| 0.112 | 0.325
YC7 0.184/0.191(0.524]2.280(0.592(0.547| 0.149 (0.080] 2.535 10.867( 0.649 | 0.565 [0.816] 3.014 [0.608]0.425(0.115 | 1.653 |0.492(2.137 |0.198(0.994( 0.142 | 0.991
YC10 0.356/0.281(0.517]1.891(0.527{0.411] 0.136 [0.110] 2.338 ]10.386] 0.578 | 0.323 (0.721] 1.438 [0.364]0.621 0.205 | 1.665 |0.728| 0.592 |0.289(0.768| 0.157 | 0.206
YC12 0.564/0.315(0.738]2.442(0.561{0.387| 0.170 [0.076] 2.169 |0.460| 0.427 | 0.484 (0.804]| 1.954 [0.466|0.389( 0.148 | 2.629 |0.685| 0.705 |0.203(0.557( 0.325 | 0.254
YC13 0.839]0.259(0.632]1.834(0.513{0.387| 0.122 [0.094] 1.9150.399| 0.318 | 0.381 [0.745] 2.050 [0.370]0.452( 0.122 | 2.804 |0.676| 0.684 |0.212(0.423| 0.284 | 0.212
YC14 0.645|0.349(0.561]2.149(0.589(0.499| 0.122 (0.272] 2.373 |10.451| 0.285 | 0.418 [0.792]| 1.694 [0.415]0.508(0.133 | 1.617|0.733| 1.828 |0.218(0.426( 0.184 | 0.326
YC15 0.167|0.345(0.701]2.098(0.591{0.440] 0.129 (0.131] 2.165 |0.418| 0.506 | 0.428 [0.817| 5.669 [0.409]0.589( 0.211 | 1.520|0.739| 0.513 |0.090(1.225[ 0.117 | 0.564
SJ2 0.614(0.525]0.653[4.686/1.425[0.844 3.158 [1.106[ 1.487 [1.603[ 0.698 | 1.670 [1.368| 1.782 [1.937]0.315[0.326 | 1.120 [0.526| 0.445 (0.332]|0.648| 0.057 | 0.207
SJ4 3.229(1.324(1.267(5.414(1.970(0.700( 7.917 [0.250( 4.734 [3.239( 0.745 | 2.381 [2.254| 24.853 [1.285]0.425( 0.216 | 1.207 [0.761| 1.311 [0.455|1.338( 0.047 | 0.284
SJ6 0.681(0.819]0.785(3.923(1.350(0.892 1.824 [1.583( 2.509 [1.486( 1.032 | 1.494 [1.547| 23.097 [1.646]0.446| 0.300 | 2.443 [0.836| 1.046 [0.276/0.882( 0.009 | 0.345
SJ8 1.624(0.735[0.938(3.781|1.109(1.079| 7.071 [2.643| 2.855 [1.852( 1.394 | 3.851 |1.208| 3.129 [1.574]0.225( 0.182 | 1.933 [0.739] 0.609 [0.526/0.997( 0.011 | 0.439
SJ10 0.154{0.488(1.088(3.017(0.962]0.727] 0.215 [0.116 3.246 {0.980| 0.349 [ 0.901 |1.465]| 9.620 (0.689]0.619] 0.331 | 6.899 |0.733| 1.957 [0.498(1.116| 0.476 | 1.246
SJ12 0.073(0.369]0.547(3.176/0.965[0.724( 0.166 [0.184( 2.421 [1.089( 0.275 ] 0.901 [1.179]153.767(0.742]0.660( 0.169 | 6.877 [0.707| 0.818 [1.885|0.642( 3.221 | 0.589
SJ14 0.091(0.307|0.295(5.969(1.540[0.661[ 0.119 [1.027( 1.188 [1.412( 0.384 | 1.363 [1.490| 5.323 [1.666|0.137| 0.071 | 4.867 [0.407| 0.363 [0.328|0.810( 0.067 | 0.185
SJ16 0.182(0.432|1.047(4.803(1.272(0.924( 0.129 [0.625( 1.163 [1.831( 0.276 | 1.082 [1.499| 1.257 [1.107]0.300( 0.094 | 3.373 [0.767| 0.536 [0.591|0.554( 0.040 | 0.166
SJ19 0.227(0.466|0.586(3.776(1.621(0.884( 0.184 [0.881( 1.512 [1.549( 1.089 | 1.581 [1.669] 2.112 [2.127]0.319( 0.150 | 1.789 [0.622| 0.629 [0.245|0.629( 0.017 | 0.138
SJ22 0.173(0.539]0.548[4.8841.547[0.711[ 0.166 [1.612( 1.316 [1.373[ 0.784 | 1.566 [1.360] 1.190 [2.044]0.200( 0.066 | 1.742 [0.379| 0.530 [0.280/0.612( 0.010 | 0.157
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Table 9. Element enrichments by the Peruvian Marine average

Average Peru Marjin [14] {Mn|Mg| Fe [ Si | K | Ti ([Ca(Na| Pb [Zr | P | Sr |[Rb| U [Ba|Cu|Ni|As| V | Zn [ Sb | Co [Mo|Cd
EST 1.03]1.19]1.30]0.92|3.04|1.37|5.43]0.03 | 3.73 [1.36[0.35|2.36|1.52] 0.63 [0.95|0.26|0.42|0.81[0.45] 0.18 |0.15]2.26|0.13|0.01
UTH 1.2414.55]1.830.98|2.47]0.70|3.96]0.31 | 1.43 [0.71 {0.08|4.87|1.98] 0.74 [2.89]0.43]0.21[4.93[0.48| 0.47 |0.54|4.89]0.38]|0.02
URD 0.5910.96]0.96 | 1.12|1.10]1.06 |6.29]0.07 | 1.02 {0.99 [7.81]4.70[0.62 | 7.28 [0.41|4.40|6.14|0.85[4.21|20.72|1.83|2.20|5.24|9.52
C5 1.380.16]0.56 | 0.61 [ 1.00]0.750.11]0.04 | 1.81 [1.58{0.03]0.32|1.46] 0.73 [0.93]0.13]0.03[0.42{0.17| 0.33 |0.06|1.01]0.010.00
C8 4.19]0.20]1.75]0.68 [ 1.110.610.44|0.04 | 2.12 |1.40|0.04[0.64 | 1.55| 1.14 |1.27{0.21]|0.07]1.44]0.26 | 0.42 |0.20 | 1.93]0.04 {0.00
C10 0.490.15]0.92]0.44|0.64|0.530.03]0.01 | 2.27 [0.73[0.05]0.25|1.15] 0.84 [0.54]|0.22]0.08]0.92[0.21| 0.71 |0.14|1.28]0.02|0.01
C12 2.190.12]0.72]0.45|0.67]0.53|0.02]0.01 | 1.76 [0.73{0.04]0.25|1.13 ] 0.53 [0.64]|0.15]0.05]0.75[0.20| 0.70 |0.12]0.98|0.01 |0.00
Cc19 0.680.10(0.57 |0.44|0.680.62 |0.01]0.01 | 2.15 [0.86[0.02]0.23 | 1.15] 0.47 [0.63]|0.14|0.05|0.80(0.20| 0.28 |0.08|1.06|0.01|0.00
C22 0.11]0.09{0.54|0.610.92]0.840.01]0.02| 2.49 [1.98{0.02]0.27|1.34] 0.59 [1.05]0.14]0.05]0.65[0.20| 0.66 |0.14|1.26]0.01|0.00
C28 0.06(0.05[0.180.30(0.260.45 | 0.01]0.00 | 2.03 [0.40 {0.01]|0.16{0.96| 1.81 [0.22]0.17|0.00|0.10{0.09| 0.07 |0.13|0.08|0.03 |0.00
C29 0.180.05]1.24]0.27|0.14]0.22]0.03]0.00 | 14.06 [0.31 {0.07]0.32[0.53 | 17.25 [ 7.72]0.15]0.05| 1.51 [0.38 | 1.10 |0.74|1.03]0.14]|0.02
C32 0.12/0.05]0.540.30|0.290.49 |0.02]0.00 | 1.63 [0.57[0.00]0.180.94 | 1.17 {0.23]|0.07|0.01|0.70[0.14| 0.14 |0.11|0.46|0.04|0.00
C33b 0.07/0.04{0.21 {0.29(0.21]0.39|0.01]0.00 | 2.22 {0.28 [0.01|0.15]0.76 | 0.58 {0.19]0.13]0.01|0.11{0.14| 0.09 |0.05|0.31|0.03|0.00
YC2 0.09(0.05]0.61 {0.30(0.25]0.41 |0.01]0.00| 2.09 {0.31 {0.02]0.12{0.81] 0.93 {0.22]0.17|0.02{0.67[0.19| 1.07 |0.13|1.53|0.09(0.01
YC5 5.2910.22(1.61 0.43]0.61{0.61 [0.06]0.01 [ 1.98 |0.84]0.05]0.22|1.05 [ 0.44 |0.58]0.13|0.04|0.37|0.20| 0.35 {0.07 | 1.00 |0.01]0.00
YC6 0.890.10{0.51 |0.44|0.64|0.57 |0.02]0.01 | 1.87 [0.78{0.04]0.20|1.13 ] 0.59 [0.57]|0.15]0.05]0.49[0.20| 0.37 |0.10|1.09]0.01|0.00
YC7 0.340.13]0.69 |0.48|0.700.56 | 0.03]0.01 | 1.81 [0.83[0.06]0.25|1.16] 0.61 [0.64]|0.21]0.05]0.62[0.21| 1.06 |0.07 | 1.97]0.020.01
YC10 0.66(0.19]0.68 |0.40 [0.630.420.03]|0.01 | 1.67 [0.37[0.05]0.14|1.03 | 0.29 {0.38]|0.30|0.09|0.63 [0.31| 0.29 |0.11|1.52|0.02|0.00
YC12 1.0410.21]0.97 |0.51 |0.67|0.39|0.03]0.01 | 1.55 [0.44{0.04]0.21|1.14] 0.39 [0.49]0.19]0.06[0.99[0.29] 0.35 |0.08 | 1.10]0.04|0.00
YC13 1.550.17]0.830.39|0.61]0.390.02]0.01 | 1.37 [0.38{0.03]0.17|1.06| 0.41 [0.39]0.22]0.05[1.06{0.29| 0.34 |0.08 |0.84|0.04|0.00
YC14 1.1910.23]0.74|0.45(0.70|0.51 | 0.02]0.03 | 1.70 [0.43 {0.03]0.18|1.13 | 0.34 [0.44]|0.25|0.06|0.61[0.31| 0.90 |0.08 |0.84|0.02|0.00
YC15 0.31/0.23]0.920.44|0.70|0.450.02]0.02 | 1.55 [0.40 {0.05]0.19|1.16] 1.14 [0.43]0.29]0.09|0.57[0.32] 0.25 |0.03 |2.42|0.02|0.00
S 1.1310.35]0.860.99|1.69]0.86|0.58]0.14 | 1.06 [1.53[0.06]0.73|1.95] 0.36 [2.04]0.15]0.14[0.42{0.23] 0.22 |0.12|1.28]0.01 | 0.00
SJ4 5.9610.89[1.66 1.14]2.34(0.71 [ 1.46{0.03 [ 3.38 [3.09]|0.07|1.04|3.21 [ 5.00 [1.35]|0.21|0.09(0.46|0.33| 0.65 [0.17 [2.65[0.01]0.00
SJ6 1.26/0.55]1.03 |0.83 |1.60]0.91[0.34]0.19| 1.79 [1.42{0.09]0.65]2.20 | 4.64 [1.73]0.22]0.13[0.92{0.36| 0.52 |0.10|1.75]0.00|0.00
SJ8 3.00/0.49(1.23]0.80|1.32]1.10]1.30]0.32] 2.04 [1.76[0.13]1.68|1.72] 0.63 [1.65]|0.11]0.08]0.73[0.32] 0.30 |0.20|1.97]0.00|0.00
SJ10 0.280.33[1.43]0.64|1.14]0.74]0.04]0.01 | 2.32 {0.93[0.03]0.39[2.08 ] 1.93 [0.72]|0.30|0.14|2.61[0.31| 0.97 |0.19]2.21]0.060.01
SJ12 0.13]0.25]0.72]0.67 | 1.15]0.740.03]0.02 | 1.73 [1.04{0.03]0.39|1.68]30.92(0.78]|0.32|0.07|2.60[0.30| 0.40 |0.71 |1.27]0.42]0.01
SJ14 0.17]0.21]0.39|1.26|1.83]0.67 |0.02]0.13 | 0.85 [1.35[0.03]0.59|2.12| 1.07 [1.75]0.07|0.03|1.84[0.17] 0.18 |0.12|1.60]0.01|0.00
SJ16 0.3410.29(1.37[1.01|1.51]0.94]0.02]0.08 | 0.83 [1.74[0.03]0.47|2.13] 0.25 [1.16]0.15]0.04|1.27[0.33] 0.27 |0.22|1.10]0.01 |0.00
SJ19 0.42(0.31(0.770.80(1.930.90|0.03]0.11| 1.08 [1.47[0.10]|0.69|2.37| 0.42 2.24]|0.15|0.06|0.68 [0.27| 0.31 |0.09|1.25|0.000.00
SJ22 0.3210.36]0.72|1.03 | 1.84]0.73]0.03]0.20| 0.94 [1.31{0.07]0.68|1.93] 0.24 [2.15]|0.10]0.03]0.66[0.16]| 0.26 |0.10|1.21]0.000.00
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Table 10. Element enrichments by Namibian Mud Lens average

Namibian Mud Lenses [15] | Mn [Mg| Fe | Si | K [ Ti [Ca|Na| Pb [Zr | P [Sr|Rb| U |Ba|[Cu| Ni|As| V | Zn | Co |Mo| Cd
EST 1.91 ]0.87{0.73]0.13|2.18]0.89]4.07[0.03] 3.53 |1.14{0.20{1.12]0.85]0.05]0.22{0.09]0.20]0.32]0.13| 0.15 |0.93]0.04{0.00
UTH 2.30 [3.35]1.03]0.14(1.78|0.46{2.97|0.33| 1.36 |0.59(0.04{2.31|1.11]0.06{0.67[0.15]0.11]1.93]0.15| 0.39 |2.02]0.11{0.01
URD 1.09 ]0.71]0.54]0.16/0.79]0.69|4.72[0.07] 0.96 |0.82|4.41{2.24]0.35]0.59{0.10|1.60{3.02{0.33[1.27]17.15]0.91|1.50|3.11
C5 2.56 [0.12]0.31]0.09/0.720.49{0.09{0.04| 1.71 |1.32{0.02{0.15|0.81]0.06{0.22[0.05]0.02]0.16|0.05| 0.27 |0.42]0.00{0.00
C8 7.78 ]0.15]0.98]0.10/0.80]0.39{0.33]0.04| 2.01 |1.17{0.03]0.31]|0.87]0.09{0.29[0.08]0.04]0.56|0.08| 0.35 |0.80]0.01{0.00
C10 0.91 [0.11]0.52{0.06(0.460.35{0.02{0.01| 2.15 |0.61{0.03{0.12|0.64|0.07|0.13 [0.08]|0.04]0.36|0.06 | 0.58 |0.53]0.01{0.00
C12 4.07 10.09|0.40]0.06{0.48[0.35]0.02]0.01 | 1.66 |0.61]0.02]0.12{0.63[0.04]0.15]0.06(0.02|0.29|0.06| 0.58 [0.41|0.00{0.00
C19 1.26 |0.07]0.32]0.06/0.49]0.40{0.01{0.01| 2.04 [0.72(0.01{0.11]0.64]0.04{0.14[0.05]0.02]0.31]0.06| 0.23 |0.44]0.00{0.00
C22 0.20 [0.06]0.30{0.09/0.660.55]0.01]0.02| 2.36 |1.65[0.01]0.13]0.75]0.05]0.24{0.05]0.03]0.25]0.06| 0.54 |0.52]0.00{0.00
C28 0.12 0.04]0.10{0.04/0.19]0.29{0.01[0.00| 1.92 [0.34{0.01{0.07]|0.54]0.15]0.05[0.06]0.00]0.04|0.03 | 0.05 |0.03]0.01{0.00
C29 0.33 0.03]0.70{0.04/0.100.14]0.02]0.00| 13.30{0.26{0.04|0.15|0.29] 1.39{1.79[0.06] 0.02]0.59|0.11 | 0.91 ]0.43]0.04{0.01
C32 0.22 [0.03]0.30{0.04/0.210.32{0.01[0.00| 1.54 |0.48(0.00{0.08]|0.52]0.09{0.05[0.03]0.01]0.27]0.04| 0.12 |0.19]0.01{0.00
C33b 0.13 [0.03]0.12]0.04|0.15]0.25]0.01[0.00| 2.10 |0.23{0.00{0.07]|0.43]0.05]0.04[0.05]0.01]0.04|0.04| 0.08 |0.13]0.01{0.00
YC2 0.17 [0.04]0.34]0.04/0.18|0.26{0.01[0.00| 1.97 [0.26(0.01{0.06|0.45]|0.07{0.05[0.06]0.01]0.260.06 | 0.89 |0.63]0.03{0.00
YC5 9.82 ]0.16]0.90{0.06|0.44|0.40{0.04[0.01| 1.87 |0.70{0.03]0.10|0.59]0.04]0.13[0.05]0.02]0.14]0.06| 0.29 |0.41]0.00{0.00
YC6 1.65 [0.08{0.29{0.06(0.460.37{0.01(0.01| 1.77 |0.65(0.02{0.10]0.63]0.05{0.13[0.06]|0.03]0.19]0.06| 0.31 |0.45]0.00{0.00
YC7 0.63 [0.09]0.39{0.07/0.50]0.36{0.02]0.01| 1.71 |0.69{0.03]0.12]0.65]0.05]0.15[0.07]0.02]0.24]0.06| 0.87 |0.81]0.01{0.00
YC10 1.22 |0.14]0.38]0.06/0.45]0.27]0.02(0.01] 1.58 [0.31[0.03{0.07)0.57]0.02{0.09 (0.11]0.04]0.25]0.09| 0.24 |0.63]0.01{0.00
YC12 1.93 |0.16{0.54{0.07/0.480.26{0.02(0.01| 1.47 |0.37[0.02{0.10]|0.64]0.03{0.11{0.07]0.03]0.39]0.09( 0.29 |0.46]0.01{0.00
YC13 2.88 [0.13]0.47]0.06|0.440.26{0.02{0.01| 1.29 [0.32{0.02{0.08|0.59]0.03]0.09[0.08]0.03]0.41|0.09| 0.28 |0.35]0.01{0.00
YC14 2.21 [0.17]0.41]0.06/0.50]0.33]0.02]0.04| 1.60 |0.36{0.01{0.09]0.63]0.03]0.10{0.09]0.03]0.24]0.09| 0.75 ]0.35]0.01{0.00
YC15 0.57 |0.17]0.52]0.06|0.500.29{0.02]0.02| 1.46 |0.33{0.03]0.09]|0.65]0.09{0.10{0.10]0.04]0.22]0.10| 0.21 | 1.00]0.00{0.00
SJ2 2.11 [0.26]0.48{0.14|1.21]0.56]0.44[0.15]| 1.00 |1.27{0.04]0.35|1.09]0.03]0.47[0.06]0.07]0.17]0.07| 0.18 |0.53]0.00{0.00
SJ4 11.07{0.65|0.93]0.16{1.68 [0.46| 1.09]0.03 | 3.20 |2.57|0.04]|0.49(1.79(0.40]0.31]0.07(0.04|0.18|0.10| 0.54 [1.10[0.00|0.00
SJ6 2.34 10.40]0.58]0.12|1.15]0.59{0.25]0.21| 1.70 |1.18{0.05]0.31]|1.23]0.37]0.40(0.08]0.06]0.36|0.11| 0.43 |0.72]0.00{0.00
SJ8 5.57 10.36[0.69[0.11]0.95]0.71(0.98 [0.35| 1.93 [1.47]|0.07|0.80|0.96|0.05(0.380.04|0.04{0.29(0.10| 0.25 |0.82{0.00|0.00
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Table 11. Element enrichments by Mediterranean Sapropel average

Mediterranean Sapropels [16] {Mn|Mg| Fe | Si [ K | Ti [Ca|Na|Pb |Zr| P |Sr|(Rb| U |Ba|Cu|Ni|As |V | Zn |Sb|Co|Mo| Cd
EST 0.27(0.85]0.48(1.513.40|1.17(2.00{0.07{ 4.50 |1.19] 2.08 |1.02[1.54] 0.35 [0.19]0.09]0.15(0.23 (0.12{ 0.17 {0.03]0.16{0.05| 0.03
UTH 0.323.27]0.68(1.61]2.77]0.60(1.46]0.68| 1.73 |0.62| 0.46 {2.09(2.01] 0.41 |0.58]0.15]0.08(1.38(0.13| 0.45 (0.10]0.34{0.15| 0.05
URD 0.1510.69]0.35|1.83]1.23]0.90(2.32]0.14| 1.23 |0.8646.84[2.02|0.63| 4.08 [0.08]1.54]2.27|0.24|1.15[19.90{0.34]0.15{1.99|29.97
C5 0.36(0.11{0.21{1.00{1.12]0.64{0.04|0.08| 2.18 [1.38]0.17 [0.14(1.48( 0.41 [0.19(0.04{0.010.12{0.05| 0.32 (0.01(0.07(0.00( 0.01
C8 1.08(0.14[0.64(1.12(1.25/0.52{0.16(0.09| 2.56 [1.22]0.27 [0.28(1.58( 0.64 [0.26]0.07 [0.03|0.40[0.07| 0.40 (0.04(0.13(0.01 0.01
C10 0.13]0.11{0.34/0.71{0.71]0.46|0.01|0.03 | 2.74 (0.64| 0.30 (0.11{1.17(0.47 [0.11]0.08{0.03]0.26[0.06] 0.68 [0.03(0.090.01 | 0.02
C12 0.56(0.08{0.26|0.74]0.75|0.46|0.01|0.02| 2.12 (0.64| 0.23 [0.11{1.15(0.30 [0.130.05{0.02(0.21{0.05| 0.67 (0.02(0.07(0.00( 0.01
C19 0.18]0.07{0.21]0.72]0.76]0.53]0.01]0.02| 2.60 {0.75]0.11 {0.10{1.17{0.27 [0.13]0.05{0.02|0.22{0.05| 0.27 |0.01|0.07|0.00| 0.01
C22 0.03]0.06{0.20{1.00{1.03]0.72{0.00(0.05| 3.01 {1.73]0.11 [0.12{1.36( 0.33 [0.210.05{0.020.18{0.05| 0.63 (0.03(0.09(0.01 0.01
C28 0.02{0.03{0.07(0.49{0.29(0.38{0.00(0.01 | 2.45 (0.35]0.08 [0.07{0.97 1.02 [0.05]0.06[0.000.03 [0.02| 0.06 (0.02(0.010.01 | 0.00
C29 0.05[0.03{0.46|0.44]0.16(0.19{0.01|0.01{16.97(0.27| 0.40 [0.14(0.54(9.68 [1.56]0.05[0.02|0.42(0.10| 1.06 (0.14(0.07(0.05| 0.06
C32 0.03]0.03{0.20{0.48|0.33]0.42]0.01|0.01] 1.97 ]0.50| 0.03 |0.08)0.95[ 0.65 |0.05]0.02]0.00{0.20 {0.04| 0.14 ]0.02(0.03]0.02| 0.00
C33b 0.02]0.03(0.08{0.47(0.24|0.33]0.00(0.00| 2.68 ]0.25| 0.05 {0.06]0.77 0.32 |0.04]0.04|0.01]0.03 [0.04| 0.09 |0.01(0.02]0.01| 0.00
YC2 0.02(0.04]0.22(0.50(0.280.35(0.00{0.01 | 2.52 10.27| 0.09 {0.05(0.82] 0.52 {0.04]0.06]0.01(0.190.05( 1.03 {0.03]0.11{0.03 | 0.02
YC5 1.36]0.15]0.590.70]0.69|0.520.02]0.02 | 2.38 10.74] 0.28 [0.09]1.07| 0.25 {0.12]0.04]0.01]0.10]0.05( 0.34 |0.01]0.07{0.00| 0.01
YC6 0.23(0.08]0.19(0.7210.71]0.49(0.01]0.01| 2.26 |0.68| 0.22 {0.09(1.14] 0.33 |0.11]0.05]0.02(0.14 (0.06{ 0.36 (0.02]0.08{0.01 | 0.01
YC7 0.09(0.09]0.25(0.7910.79]0.47(0.01]0.02{ 2.19 10.72] 0.35 {0.111.18] 0.34 {0.13]0.07]0.02(0.17(0.06| 1.01 {0.01]0.14{0.01 0.03
YC10 0.17(0.14]0.25(0.65]0.70]0.36(0.01]0.03| 2.02 |0.32] 0.32 {0.06(1.04] 0.16 |0.08]|0.11]0.03(0.18 {0.09{ 0.28 [0.02]0.10{0.01 | 0.01
YC12 0.27(0.15]0.36(0.840.75]0.34(0.01]0.02| 1.87 |0.38| 0.23 {0.09(1.16] 0.22 |0.10]0.07]0.02(0.28 (0.08| 0.33 (0.01]0.08{0.02( 0.01
YC13 0.40(0.12]0.31(0.630.68|0.34(0.01]0.02| 1.65 |0.33| 0.17 {0.07(1.08] 0.23 0.08]|0.080.02(0.30(0.08| 0.33 [(0.01]0.06{0.01 | 0.01
YC14 0.31(0.17]0.27(0.740.780.43[0.01]0.07| 2.05 |0.38| 0.16 {0.08(1.15] 0.19 0.09]0.09]0.02(0.17 {0.09| 0.87 [{0.02]0.06{0.01 | 0.01
YC15 0.080.17]0.34|0.72]0.79]0.38[0.01]0.03| 1.87 ]0.35] 0.28 [0.08|1.18] 0.64 [0.09]0.10]0.03|0.16|0.09{ 0.24 [0.01]0.17{0.01| 0.02
SJ2 0.29]0.25{0.32{1.61{1.90(0.73]0.21]0.29| 1.28 (1.34|0.38 [0.31{1.98( 0.20 [0.41]0.05(0.05/0.12{0.06 0.21 (0.02(0.09(0.00( 0.01
SJ4 1.53[0.64[0.61(1.86(2.62(0.61(0.54|0.07| 4.08 [2.70| 0.41 [0.45(3.26(2.80 [0.27]|0.07 [0.03]0.13 {0.09] 0.62 (0.03(0.18(0.00 0.01
SJ6 0.32]0.39{0.38|1.35{1.80(0.78]0.12]0.42| 2.16 (1.24] 0.56 [0.28(2.24(2.61 [0.35/0.08(0.05/0.26(0.10( 0.50 (0.02(0.12(0.00( 0.01
SJ8 0.77]0.35[0.45/1.30{1.47|0.94]0.48|0.70| 2.46 (1.54]0.76 [0.72(1.75( 0.35 [0.33]0.04 {0.03|0.20{0.09] 0.29 (0.04(0.14(0.00 0.01
SJ10 0.07]0.23]0.53]1.04]1.28]0.63]0.01]0.03| 2.80 [0.82]0.19 [0.17{2.12| 1.09 [0.15]0.11{0.05]0.73{0.09] 0.93 |0.03|0.15|0.02| 0.03
SJ12 0.03]0.18{0.26|1.09{1.28/0.63]0.01|0.05| 2.09 (0.91]0.15 [0.17(1.70{17.35[0.16]0.11 {0.03]0.73 [0.08] 0.39 |0.13(0.090.16 0.02
SJ14 0.04]0.15{0.14|2.06{2.05]0.57{0.01]0.27| 1.02 [1.18] 0.21 [0.26(2.16(0.60 [0.35/0.02{0.010.51{0.05| 0.17 (0.02(0.11(0.00( 0.01
SJ16 0.09]0.21{0.51{1.65{1.69(0.80{0.01|0.17| 1.00 (1.53]0.15 {0.20(2.17{ 0.14 [0.24]0.05[0.01]0.36[0.09] 0.25 |0.04(0.080.00| 0.00
SJ19 0.11]0.22{0.281.30{2.16(0.77{0.01]0.23| 1.30 (1.29] 0.60 [0.30(2.41 | 0.24 [0.45]|0.05[0.02]0.19{0.07| 0.30 (0.02(0.09(0.00( 0.00
SJ22 0.08]0.26[0.27|1.68|2.06]0.62]0.01]0.43| 1.13 [1.14]0.43 [0.29{1.97{ 0.13 [0.43]0.03 {0.01]0.18[0.04]| 0.25 |0.02|0.080.00| 0.00

47




Ekinci, Yavuz Pehlivanli, Koca/Bozok J Sci Vol I No I Page 34-56 (2023)
Table 12. Element enrichments by Black Sea Sapropel average
Black Sea
Sapropels [17]| Mn | Mg | Fe | Si K | Ti [ Ca| Na|Pb | Zr P Sr |Rb| U |Ba |Cu| Ni|As | V [Zn | Sb | Co | Mo | Cd
EST 0.42 [ 1.11]0.90 [ 1.30 | 2.84 | 1.48 | 1.58 | 0.03 | 2.46 | 1.59 | 1.85 | 0.75 | 1.19 [ 0.45 [ 0.37 | 0.17 | 0.50 | 0.84 | 0.58 [ 0.22 | 0.13 | 0.44 | 0.09 [ 0.29
UTH 0.50 [4.25]1.27 [ 1.38 | 2.31 1 0.76 | 1.15]0.31 | 0.95 | 0.82 | 0.41 | 1.55 | 1.56 [ 0.53 [ 1.15 ] 0.28 | 0.26 | 5.11 | 0.63 [ 0.59 | 0.48 | 0.95 | 0.28 | 0.52
URD 0.24 10.90 | 0.67 [ 1.57 [ 1.03 | 1.14 | 1.83 ] 0.07 [ 0.67 [ 1.15 |41.63]| 1.49 | 0.49 | 5.23 [ 0.16 | 2.90 | 7.42 | 0.88 | 5.51 [26.18| 1.61 | 0.43 | 3.78 [311.18
C5 0.56 [ 0.15]0.39 | 0.86 [ 0.94 | 0.81 | 0.03 [ 0.04 [ 1.19 | 1.84 | 0.15 [ 0.10 | 1.15 | 0.53 [ 0.37 | 0.08 [ 0.04 [ 0.43 | 0.22 [ 0.42 | 0.05 [ 0.19 | 0.01 | 0.08
C8 1.69 [0.18 [ 1.21 ] 0.96 [ 1.04 | 0.66 | 0.13 [ 0.04 | 1.40 [ 1.63 | 0.24 [0.20 [ 1.22 | 0.82 | 0.50 | 0.14 | 0.09 | 1.50 | 0.35 | 0.53 | 0.17 | 0.37 [ 0.03 | 0.13
C10 0.20 [ 0.14 | 0.64 | 0.61 [ 0.59 | 0.58 | 0.01 | 0.01 [ 1.50 | 0.85 | 0.27 [ 0.08 | 0.91 | 0.60 | 0.21 | 0.15 [ 0.09 [ 0.95 | 0.28 [ 0.89 | 0.12 [ 0.25 | 0.01 | 0.19
C12 0.88 [ 0.11 | 0.50 | 0.64 [ 0.63 | 0.58 | 0.01 | 0.01 [ 1.16 | 0.85 | 0.21 [ 0.08 | 0.89 | 0.38 | 0.25 | 0.10 [ 0.06 [ 0.78 | 0.26 [ 0.88 | 0.11 [ 0.19 | 0.01 | 0.13
C19 0.27 [ 0.09 | 0.39 | 0.62 | 0.63 | 0.67 | 0.00 | 0.01 | 1.42 | 1.00 | 0.10 [ 0.07 | 0.91 | 0.34 [ 0.25 | 0.09 [ 0.06 [ 0.83 | 0.26 [ 0.36 | 0.07 [ 0.21 | 0.01 | 0.06
C22 0.04 [ 0.08 | 0.37 | 0.86 [ 0.86 | 0.91 | 0.00 [ 0.02 | 1.64 [2.31 ] 0.09 [0.09 [ 1.05]0.42 [ 0.41 | 0.09 | 0.06 | 0.67 | 0.26 | 0.83 | 0.12 | 0.24 [ 0.01 | 0.11
C28 0.03 [ 0.04 | 0.12 | 0.42 [ 0.24 | 0.49 | 0.00 | 0.00 | 1.34 | 0.47 | 0.07 [ 0.05 | 0.75 | 1.30 [ 0.09 | 0.11 [ 0.01 [ 0.11 | 0.12 [ 0.08 | 0.11 [ 0.02 | 0.02 | 0.02
C29 0.07 [ 0.04 | 0.86 | 0.37 [ 0.13 | 0.24 | 0.01 | 0.00 [ 9.29 | 0.36 | 0.35 [ 0.10 | 0.42 |12.40( 3.06 | 0.10 [ 0.06 | 1.56 | 0.50 | 1.39 | 0.65 [ 0.20 | 0.10 | 0.62
C32 0.05 [ 0.04 | 0.37 | 0.42 [ 0.27 | 0.54 | 0.01 | 0.00 | 1.08 | 0.67 | 0.03 [ 0.06 | 0.74 | 0.84 [ 0.09 | 0.05 [ 0.02 [ 0.73 | 0.18 | 0.18 | 0.10 [ 0.09 | 0.03 | 0.04
C33b 0.03 [ 0.04 | 0.15 | 0.41 [ 0.20 | 0.42 | 0.00 | 0.00 | 1.46 | 0.33 | 0.05 [ 0.05 | 0.60 | 0.42 | 0.07 | 0.08 [ 0.02 [ 0.11 | 0.18 [ 0.12 | 0.05 [ 0.06 | 0.03 | 0.05
YC2 0.04 | 0.05]0.42 [ 0.43 | 0.23 | 0.44 | 0.00 | 0.00 | 1.38 | 0.36 | 0.08 | 0.04 | 0.64 | 0.67 [ 0.09 | 0.11 | 0.02 ] 0.69 | 0.25 | 1.35 | 0.12 ] 0.30 | 0.07 [ 0.19
YC5 2.1310.20 | 1.11 [ 0.60 | 0.57 | 0.66 | 0.02 | 0.01 | 1.30 | 0.98 | 0.25 | 0.07 | 0.83 | 0.32 [ 0.23 | 0.08 | 0.05 | 0.38 | 0.26 | 0.44 | 0.06 | 0.19 | 0.01 [ 0.07
YC6 0.36 [ 0.10 ] 0.35 [ 0.62 | 0.60 | 0.62 | 0.01 | 0.01 | 1.24 | 0.91 | 0.20 | 0.06 | 0.89 | 0.42 | 0.22 | 0.10 | 0.06 | 0.51 | 0.27 | 0.47 | 0.09 | 0.21 | 0.01 [ 0.09
YC7 0.14 [ 0.12] 0.48 | 0.68 | 0.66 | 0.60 | 0.01 | 0.01 | 1.20 | 0.96 | 0.32 | 0.08 | 0.92 | 0.44 | 0.25 | 0.14 | 0.06 | 0.65 | 0.28 | 1.34 | 0.07 | 0.38 | 0.01 [ 0.29
YC10 0.27 [ 0.18 | 0.47 [ 0.56 | 0.58 | 0.45 | 0.01 | 0.01 | 1.10 | 0.43 | 0.28 | 0.04 | 0.81 [ 0.21 [ 0.15 | 0.20 | 0.10 | 0.65 | 0.41 [ 0.37 | 0.09 | 0.29 | 0.01 | 0.06
YCI12 0.42 |1 0.20 ] 0.67 [ 0.72 | 0.62 | 0.43 | 0.01 | 0.01 | 1.02 | 0.51 | 0.21 | 0.07 | 0.90 | 0.28 [ 0.19 | 0.12 ] 0.08 | 1.03 | 0.38 [ 0.44 | 0.07 ] 0.21 | 0.03 [ 0.07
YC13 0.62 | 0.16 | 0.57 [ 0.54 | 0.57 | 0.43 | 0.01 | 0.01 | 0.90 | 0.44 | 0.15 | 0.05 | 0.84 | 0.30 [ 0.15 | 0.14 | 0.06 | 1.10 | 0.38 [ 0.43 | 0.07 | 0.16 | 0.03 [ 0.06
YCl14 0.48 [ 0.22'] 0.51 [ 0.64 | 0.65 | 0.55 | 0.01 | 0.03 | 1.12 | 0.50 | 0.14 | 0.06 | 0.89 | 0.24 [ 0.17 | 0.16 | 0.07 | 0.63 | 0.41 [ 1.14 | 0.07 | 0.16 | 0.02 [ 0.09
YC15 0.12 { 0.22'] 0.64 | 0.62 | 0.66 | 0.49 | 0.01 | 0.02 | 1.02 | 0.46 | 0.25 | 0.06 | 0.92 | 0.82 [ 0.17 | 0.19 | 0.11 | 0.60 | 0.41 [ 0.32 | 0.03 | 0.47 | 0.01 | 0.16
SJ2 0.46 [ 0.33]0.59 | 1.39 [ 1.58 1 0.93 ] 0.17 [ 0.14 [ 0.70 | 1.78 | 0.34 [ 0.23 [ 1.54 | 0.26 [ 0.81 | 0.10 [ 0.17 [ 0.44 ] 0.29 [ 0.28 | 0.11 | 0.25 | 0.01 | 0.06
SJ4 240 [ 0.83 | 1.15 | 1.60 [ 2.18 | 0.77 | 0.42 | 0.03 [ 2.23 | 3.60 | 0.36 [ 0.33 [ 2.53 | 3.59 [ 0.54 | 0.14 [ 0.11 [ 0.47 | 0.43 [ 0.82 | 0.15 [ 0.51 | 0.00 | 0.08
SJ6 0.51 [ 0.51]0.71 | 1.16 [ 1.50 | 0.99 | 0.10 [ 0.19 [ 1.18 | 1.65 | 0.50 [ 0.21 | 1.74 | 3.34 [ 0.69 | 0.14 [ 0.15 [ 0.96 | 0.47 | 0.65 | 0.09 | 0.34 | 0.00 [ 0.10
SJ8 1.21 [0.46 [ 0.85 | 1.12 [ 1.23 | 1.19] 0.38 [ 0.32 | 1.35 [2.06 | 0.68 [ 0.53 [ 1.36 | 0.45 | 0.66 | 0.07 | 0.09 | 0.76 | 0.41 | 0.38 | 0.17 | 0.38 [ 0.00 | 0.13
SJ10 0.11 {0.31]0.99]0.89 [ 1.07]0.80] 0.01|0.01 [1.53 |1.09]0.17 [0.12 | 1.64 | 1.39 [ 0.29 ] 0.20 [ 0.17 [ 2.70 | 0.41 | 1.22 | 0.16 [ 0.43 | 0.04 | 0.36
SJ12 0.05 { 0.23 1 0.50 | 0.94 [ 1.07 | 0.80 | 0.01 [ 0.02 | 1.14 | 1.21 | 0.13 [ 0.12 | 1.32 |22.22( 0.31 | 0.21 [ 0.09 | 2.69 | 0.40 [ 0.51 | 0.62 [ 0.25 | 0.30 | 0.17
SJ14 0.07 [ 0.19 ] 0.27 | 1.77 [ 1.71 | 0.73 | 0.01 | 0.13 [ 0.56 | 1.57 | 0.19 [ 0.19 | 1.67 | 0.77 | 0.69 | 0.04 [ 0.04 [ 1.91 | 0.23 [ 0.23 | 0.11 [ 0.31 | 0.01 | 0.05
SJ16 0.14 [ 0.27 [ 0.95| 1.42 [ 1.41 | 1.02] 0.01 | 0.08 [ 0.55 [2.03 | 0.13 [0.15 | 1.68 | 0.18 [ 0.46 | 0.10 [ 0.05 [ 1.32] 0.43 [ 0.34 | 0.19 [ 0.21 | 0.00 | 0.05
SJ19 0.17 [ 0.29 | 0.53 | 1.12 [ 1.80 | 0.98 | 0.01 | 0.11 [ 0.71 | 1.72 | 0.53 [0.22 | 1.87 | 0.31 | 0.89 | 0.10 [ 0.08 [ 0.70 | 0.35 [ 0.39 | 0.08 | 0.24 | 0.00 | 0.04
SJ22 0.13 {0.34]0.50 | 1.45 [ 1.72]1 0.79| 0.01 | 0.20 [ 0.62 | 1.53 | 0.38 [0.22 | 1.53 | 0.17 [ 0.85 | 0.06 | 0.03 [ 0.68 | 0.21 [ 0.33 | 0.09 [ 0.23 | 0.00 | 0.05
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Table 13. Element enrichments according to the C/T Demerara Rise average
C/T Demerara Rise

[18] Mn Mg | Fe | Si K |Ti [Ca|Na|Pb|Zr | P Sr |Rb | U [Ba |Cu | Ni | As | V | Zn | Sb | Co | Mo | Cd
EST 1.27 1.38 10.95]0.65|3.27 | 1.34 | 0.95 | 0.08 | 4.35 [ 1.91 | 0.48 [ 0.64 | 1.66 | 0.30 | 0.42 | 0.09 | 0.14 | 0.40 | 0.03 | 0.02 [ 0.02 [ 0.96 | 0.04 | 0.01
UTH 1.53 531 [1.33]0.69|2.66]0.69 [0.69 |0.74 | 1.67 10.99|0.11 | 1.32 [ 2.17 | 0.35 [ 1.29 | 0.16 | 0.07 | 2.47 | 0.04 | 0.05 | 0.06 | 2.09 | 0.11 | 0.02
URD 0.73 1.1210.70 { 0.79 | 1.19 [ 1.04 | 1.10 [ 0.16 | 1.18 [ 1.38 [10.71] 1.27 | 0.68 | 3.44 | 0.18 | 1.60 [ 2.07 | 0.43 | 0.33 | 2.02 [ 0.21 | 0.94 | 1.47 |13.93
C5 1.71 0.18 1040 | 043 | 1.08 | 0.74 | 0.02 [ 0.09 | 2.11 | 2.21 [ 0.04 | 0.09 | 1.60 | 0.35 | 0.42 | 0.05 | 0.01 | 0.21 | 0.01 | 0.03 [ 0.01 | 0.43 | 0.00 | 0.00
C8 5.19 0.23 | 1.27 {048 | 1.20 | 0.59 | 0.08 [ 0.10 [ 2.48 | 1.96 | 0.06 | 0.17 | 1.70 | 0.54 | 0.57 | 0.08 [ 0.02 | 0.72 | 0.02 | 0.04 [ 0.02 | 0.82 | 0.01 | 0.01
C10 0.61 0.18 | 0.67 | 0.31 | 0.69 | 0.52 | 0.01 [0.03 [ 2.65 | 1.02 | 0.07 | 0.07 | 1.27 | 0.40 | 0.24 | 0.08 | 0.03 | 0.46 | 0.02 | 0.07 | 0.02 | 0.55 | 0.01 | 0.01
C12 2.71 0.14 1 0.52 1 0.32| 0.72 | 0.52 | 0.00 [ 0.03 [ 2.05 | 1.02 | 0.05 | 0.07 | 1.24 [ 0.25 [ 0.28 | 0.06 | 0.02 | 0.37 | 0.02 | 0.07 | 0.01 | 0.42 | 0.00 | 0.01
C19 0.84 0.11 | 041 ]0.31]0.73|0.61 | 0.00 [0.02 | 2.51 | 1.20 [ 0.02 | 0.06 | 1.26 | 0.22 | 0.28 | 0.05 | 0.02 | 0.40 | 0.02 | 0.03 [ 0.01 | 0.45 | 0.00 | 0.00
C22 0.13 0.10 | 0.39 | 043 | 0.99 | 0.83 | 0.00 [ 0.05 [ 2.91 | 2.77 | 0.02 | 0.07 | 1.47 | 0.28 | 0.47 | 0.05 | 0.02 | 0.32 | 0.02 | 0.06 | 0.02 | 0.54 | 0.00 | 0.01
C28 0.08 0.06 | 0.13 | 0.21 | 0.28 | 0.44 | 0.00 | 0.01 | 2.37 | 0.56 | 0.02 | 0.04 | 1.05 | 0.85 | 0.10 | 0.06 | 0.00 | 0.05 | 0.01 | 0.01 [ 0.01 | 0.04 | 0.01 | 0.00
C29 0.22 0.05 | 0.90 | 0.19 | 0.15 | 0.22 | 0.01 [ 0.01 [16.41]0.43 [ 0.09 | 0.09 | 0.58 | 8.15 | 3.43 | 0.06 | 0.02 | 0.75 | 0.03 | 0.11 | 0.08 | 0.44 | 0.04 | 0.03
C32 0.15 0.06 | 0.39 | 0.21 | 0.32 | 0.49 | 0.00 [ 0.01 | 1.90 | 0.80 | 0.01 | 0.05 | 1.03 | 0.55 | 0.10 | 0.03 | 0.00 | 0.35 | 0.01 | 0.01 [ 0.01 | 0.20 | 0.01 | 0.00
C33b 0.09 0.05 [ 0.15 | 0.20 | 0.23 [ 0.38 [ 0.00 | 0.00 | 2.59 | 0.39 | 0.01 | 0.04 | 0.84 | 0.27 | 0.08 | 0.05 | 0.00 | 0.06 | 0.01 | 0.01 [ 0.01 | 0.13 | 0.01 | 0.00
YC2 0.11 0.06 | 0.44 |1 0.21 ] 0.26 | 0.40 | 0.00 | 0.01 | 2.43 [ 0.43 | 0.02 | 0.03 | 0.89 | 0.44 | 0.10 | 0.06 | 0.01 [ 0.34 | 0.01 | 0.10 | 0.02 [ 0.65 | 0.03 | 0.01
YC5 6.55 0.25]1.1710.30 | 0.66 | 0.60 | 0.01 | 0.02 | 2.31 [ 1.18 | 0.06 [ 0.06 | 1.15] 0.21 | 0.26 | 0.05 | 0.01 | 0.18 | 0.02 | 0.03 [ 0.01 | 0.42 | 0.00 | 0.00
YC6 1.10 0.1210.37 1 0.31] 0.69 | 0.56 | 0.00 | 0.02 | 2.19 [ 1.09 | 0.05 | 0.06 | 1.24 ] 0.28 | 0.25 | 0.06 | 0.02 | 0.25 | 0.02 | 0.04 [ 0.01 | 0.47 | 0.00 | 0.00
YC7 0.42 0.15]0.50 | 0.34] 0.76 | 0.55 | 0.00 | 0.02 | 2.11 [ 1.16 | 0.08 [ 0.07 | 1.28 | 0.29 | 0.28 | 0.07 | 0.02 [ 0.31 | 0.02 | 0.10 | 0.01 [ 0.84 | 0.01 | 0.01
YC10 0.81 0.22 1 0.49 | 0.28 ] 0.67 | 0.41 | 0.00 | 0.03 | 1.95 [0.51 [ 0.07 [ 0.04 | 1.13 ] 0.14 ] 0.17 | 0.11 | 0.03 | 0.31 | 0.02 | 0.03 [ 0.01 | 0.65 | 0.01 | 0.00
YCI12 1.29 0.2510.70 1 0.36 | 0.72 [ 0.39 | 0.01 | 0.02 | 1.81 [0.61 [ 0.05 | 0.06 | 1.26 | 0.19 | 0.22 | 0.07 | 0.02 | 0.50 | 0.02 | 0.03 [ 0.01 | 0.47 | 0.01 | 0.00
YC13 1.92 0.20 | 0.60 | 0.27 | 0.66 | 0.39 | 0.00 | 0.03 | 1.60 [0.53 | 0.04 [ 0.04 | 1.16 | 0.19 ] 0.17 | 0.08 [ 0.02 | 0.53 | 0.02 | 0.03 [ 0.01 | 0.36 | 0.01 | 0.00
YC14 1.47 0.27 1 0.5310.32]0.75 | 0.50 | 0.00 | 0.08 | 1.98 [ 0.60 | 0.04 [ 0.05 | 1.24 ] 0.16 | 0.19 | 0.09 | 0.02 | 0.31 | 0.02 | 0.09 [ 0.01 | 0.36 | 0.01 | 0.00
YC15 0.38 0.27 1 0.67 | 0.31 ] 0.76 | 0.44 | 0.00 | 0.04 | 1.80 [ 0.56 | 0.06 [ 0.05 | 1.28 | 0.54 | 0.19 | 0.10 | 0.03 [ 0.29 | 0.02 | 0.02 [ 0.00 | 1.04 | 0.00 | 0.01
SJ2 1.40 0.41 ] 0.62 [ 0.70 | 1.82 | 0.84 ] 0.10 {0.32 | 1.24 | 2.14 | 0.09 | 0.20 | 2.14 [ 0.17 | 0.91 | 0.06 | 0.05 | 0.21 | 0.02 ] 0.02 [ 0.01 | 0.55 | 0.00 | 0.00
SJ4 7.38 1.03 1121 [0.81]2.52]0.70 | 0.26 [ 0.07 | 3.95 | 4.32| 0.09 | 0.28 | 3.52 [ 2.36 [ 0.60 | 0.07 [ 0.03 | 0.23 | 0.03 | 0.06 | 0.02 | 1.13 | 0.00 | 0.00
SJ6 1.56 0.64 | 0.75 | 0.58 | 1.73 | 0.89 | 0.06 [ 0.46 | 2.09 | 1.98 [ 0.13 | 0.18 | 2.42 | 2.19 | 0.77 | 0.08 | 0.04 | 0.46 | 0.03 | 0.05 [ 0.01 | 0.75 | 0.00 | 0.00
SJ8 3.71 0.57 | 0.89 | 0.56 | 1.42| 1.08 | 0.23 [ 0.77 | 2.38 | 2.47 | 0.17 [ 0.45 | 1.89 [ 0.30 | 0.74 | 0.04 [ 0.03 | 0.37 | 0.02 | 0.03 | 0.02 | 0.84 | 0.00 | 0.01
SJ10 0.35 0.38 | 1.04 | 045|123 0.73|0.01 [0.03 |2.71 | 1.31 [0.04 | 0.11 | 2.29 | 0.91 | 0.32 | 0.11 | 0.05 | 1.30 | 0.02 | 0.09 [ 0.02 | 0.94 | 0.02 | 0.02
SJ12 0.17 0.29 1 0.52 {047 | 1.23 ] 0.72 ] 0.01 [0.05 [ 2.02 | 1.45] 0.03 [ 0.11 | 1.84 [14.60[ 0.35 ] 0.12 { 0.02 | 1.30 | 0.02 | 0.04 | 0.08 | 0.54 | 0.12 | 0.01
SJ14 0.21 0.24 {028 | 0.89 | 1.97 [ 0.66 [ 0.00 | 0.30 [ 0.99 | 1.88 | 0.05 | 0.16 | 2.33 | 0.51 ] 0.78 | 0.02 [ 0.01 | 0.92 | 0.01 | 0.02 | 0.01 | 0.68 | 0.00 | 0.00
SJ16 0.42 0.34 | 1.00 | 0.71 | 1.63 | 0.92 | 0.00 [ 0.18 | 0.97 | 2.44 | 0.03 | 0.13 | 2.34 | 0.12 | 0.52 | 0.05 | 0.01 | 0.64 | 0.03 | 0.03 [ 0.03 | 0.47 | 0.00 | 0.00
SJ19 0.52 0.36 | 0.56 | 0.56 | 2.07 | 0.88 | 0.01 [ 0.26 | 1.26 | 2.06 | 0.14 | 0.19 | 2.61 | 0.20 | 1.00 | 0.06 | 0.02 | 0.34 | 0.02 | 0.03 [ 0.01 | 0.53 [ 0.00 | 0.00
SJ22 0.39 0.4210.52]0.73 | 1.98 | 0.71 | 0.01 [0.47 | 1.10 | 1.83 [ 0.10 | 0.18 | 2.12 | 0.11 | 0.96 | 0.04 | 0.01 | 0.33 | 0.01 | 0.03 [ 0.01 | 0.52 | 0.00 | 0.00
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Table 14. Element enrichments according to C/T Gubbio average

C/T Gubbio [18] | Mn Mg | Fe | Si K [ Ti |Ca|Na| Pb | Zr P Sr |Rb | U [Ba |Cu [ Ni |As | V [ Zn | Sb | Co | Mo | Cd
EST 2.33 1.4410.44 [ 0.24 | 2.30 [ 1.62 {36.99] 0.63 | 0.78 | 1.51 | 0.72 | 1.66 | 1.12 | 0.50 | 0.02 | 0.05 [ 0.16 | 0.19 | 0.06 | 0.02 | 0.05 [ 0.46 | 0.11 | 0.04
UTH 2.80 5.5410.620.26 | 1.87 | 0.83 [27.02] 6.09 | 0.30 | 0.78 | 0.16 | 3.43 | 1.46 | 0.58 | 0.05 | 0.08 [ 0.08 | 1.18 | 0.07 | 0.04 | 0.17 | 0.99 | 0.32 | 0.06
URD 1.33 1.1710.33 [ 0.30 | 0.83 [ 1.25 [42.90]| 1.28 | 0.21 | 1.09 |16.29]3.32 | 0.46 | 5.77 | 0.01 [ 0.81 | 2.37 | 0.20 | 0.59 | 2.00 [ 0.59 [ 0.45 | 4.34 |37.81
[&] 312 [0.19]0.19]0.16 | 0.76 [ 0.89 | 0.78 | 0.75| 0.38 | 1.74 | 0.06 | 0.22 | 1.07 | 0.58 | 0.02 | 0.02 | 0.01 | 0.10 | 0.02 | 0.03 | 0.02 | 0.20 | 0.01 | 0.01
C8 947 10.24]0.59]0.18]0.84 [ 0.72 {3.01 | 0.78 | 045 | 1.55 | 0.09 | 0.45 | 1.14 | 0.91 | 0.02 | 0.04 | 0.03 | 0.34 | 0.04 | 0.04 | 0.06 | 0.39 | 0.03 | 0.02
C10 111 [0.19]0.31]0.12]0.48 [ 0.63 | 0.20 | 0.24 | 0.48 [ 0.80 [ 0.11 | 0.18 | 0.85 | 0.66 | 0.01 | 0.04 | 0.03 | 0.22 | 0.03 | 0.07 | 0.05 | 0.26 | 0.02 | 0.02
C12 495 10.14]0.24 | 0.12 [ 0.51 | 0.63 ] 0.16 | 0.22 | 0.37 | 0.81 | 0.08 | 0.17 | 0.83 | 0.42 ] 0.01 | 0.03 | 0.02 | 0.18 | 0.03 | 0.07 | 0.04 | 0.20 | 0.01 | 0.02
C19 154 10.12]0.19]0.12]0.51 [ 0.73 [ 0.10 | 0.18 | 0.45 | 0.95 [ 0.04 | 0.16 | 0.85 | 0.38 | 0.01 | 0.03 | 0.02 | 0.19 | 0.03 | 0.03 | 0.03 | 0.22 | 0.01 | 0.01
C22 024 [0.10]0.18]0.16 | 0.70 [ 0.99 | 0.09 | 0.42 ] 0.52 | 2.19 | 0.04 | 0.19 | 0.98 | 0.47 | 0.02 | 0.03 | 0.02 | 0.15 | 0.03 | 0.06 | 0.04 | 0.26 | 0.01 | 0.01
C28 0.14 [0.06 | 0.06 | 0.08 | 0.20 [ 0.53 | 0.08 | 0.05| 0.43 [ 0.45 | 0.03 | 0.11 [ 0.71 | 1.44 | 0.00 | 0.03 | 0.00 | 0.02 | 0.01 | 0.01 | 0.04 | 0.02 | 0.02 | 0.00
C29 0.40 |0.05]0.42]0.07]0.11 [0.26 | 0.21 | 0.05]2.95 | 0.34 | 0.14 | 0.23 | 0.39 |13.68] 0.15 | 0.03 | 0.02 | 0.36 | 0.05 ] 0.11 [ 0.24 | 0.21 | 0.11 | 0.08
C32 0.27 ]0.06 {0.18]0.08]0.22 [ 0.58 | 0.12] 0.05] 0.34 | 0.63 | 0.01 | 0.12 [ 0.69 | 0.93 | 0.00 | 0.01 | 0.01 | 0.17 | 0.02 ] 0.01 | 0.04 | 0.09 | 0.04 | 0.01
C33b 0.16 | 0.05]0.07 | 0.08]0.16 | 0.46 | 0.08 | 0.04 | 0.46 | 0.31 | 0.02 | 0.11 | 0.56 | 0.46 | 0.00 | 0.02 | 0.01 | 0.03 | 0.02 | 0.01 | 0.02 | 0.06 | 0.03 | 0.01
YC2 0.21 0.06 | 0.20 | 0.08 [ 0.19 | 0.48 | 0.09 | 0.05 | 0.44 [ 0.34 | 0.03 | 0.08 | 0.59 [ 0.73 [ 0.00 [ 0.03 | 0.01 | 0.16 | 0.03 | 0.10 [ 0.04 | 0.31 | 0.07 | 0.02
YC5 11.95 10.26 [0.54 | 0.11 | 0.46 | 0.72 | 0.40 | 0.14 | 0.41 | 0.93 [ 0.10 | 0.15 [ 0.77 | 0.35 [ 0.01 | 0.02 | 0.01 | 0.09 | 0.03 | 0.03 | 0.02 | 0.20 | 0.01 | 0.01
YC6 2.01 0.13 (0.17 [ 0.12 [ 0.48 | 0.68 | 0.13 | 0.13 ] 0.39 [ 0.86 | 0.08 | 0.14 | 0.83 [ 0.46 | 0.01 [ 0.03 | 0.02 | 0.12 | 0.03 | 0.04 | 0.03 [ 0.22 | 0.01 | 0.01
YC7 0.77 10.16 1 0.23 [ 0.13 | 0.53 [ 0.66 | 0.19 | 0.19 | 0.38 | 0.91 | 0.12 | 0.17 | 0.86 | 0.48 | 0.01 | 0.04 | 0.02 | 0.15 | 0.03 | 0.10 | 0.02 [ 0.40 | 0.02 | 0.03
YC10 149 10.2310.23]0.11]0.47 | 0.50 [ 0.17 | 0.26 | 0.35 | 0.41 | 0.11 | 0.10 | 0.76 ] 0.23 | 0.01 | 0.06 | 0.03 | 0.15 ] 0.04 | 0.03 ] 0.03 | 0.31 [ 0.02 | 0.01
YCI12 2.35 0.26 [ 0.33 [ 0.14 [ 0.50 [ 0.47 | 0.21 | 0.18 | 0.32 [ 0.48 | 0.08 | 0.15 | 0.84 [ 0.31 | 0.01 [ 0.03 | 0.02 | 0.24 | 0.04 | 0.03 | 0.02 [ 0.22 | 0.03 | 0.01
YC13 3.50 ]0.21]0.28 [0.10 | 0.46 [ 0.47 | 0.15]0.22 | 0.29 | 042 0.06 | 0.12 ] 0.78 | 0.33 | 0.01 [ 0.04 | 0.02 | 0.25 | 0.04 | 0.03 | 0.03 | 0.17 | 0.03 | 0.01
YCl14 2.69 10.2810.25(0.12]0.53 [ 0.60 | 0.15 | 0.65 | 0.36 | 0.48 | 0.05 | 0.13 | 0.83 | 0.27 | 0.01 [ 0.05 | 0.02 | 0.15 | 0.04 | 0.09 | 0.03 | 0.17 | 0.02 | 0.01
YC15 0.70 0.28 10.31 [0.12] 0.53 [ 0.53 | 0.16 | 0.31 | 0.32 | 0.44 | 0.10 | 0.13 | 0.86 | 0.90 | 0.01 [ 0.05 | 0.03 | 0.14 | 0.04 | 0.02 | 0.01 [ 0.49 | 0.01 | 0.02
SJ2 256 0.43]0.29]0.26 | 1.28 [ 1.02 {3.97 | 2.65]0.22 | 1.69 | 0.13 | 0.51 | 1.43 | 0.28 | 0.04 | 0.03 | 0.05 | 0.10 | 0.03 | 0.02 | 0.04 | 0.26 | 0.01 | 0.01
SJ4 1348 [1.0810.56 | 0.30 | 1.77 | 0.84 ] 9.94 | 0.60 | 0.71 | 3.41 | 0.14 | 0.73 | 2.36 | 3.96 | 0.03 | 0.04 | 0.04 | 0.11 | 0.05 | 0.06 | 0.05 | 0.54 | 0.00 | 0.01
SJ6 2.84 ]0.67]0.35]022]1.21 [1.07]2.29]3.80]0.38 |1.56]0.20 | 0.46 | 1.62 |3.68 |0.03 | 0.04 | 0.05|0.22 ] 0.05] 0.05 | 0.03 | 0.36 | 0.00 | 0.01
SJ8 6.78 0.60 {0.42]0.21]1.00 [ 1.30 | 8.88]6.34]043 | 1.95]0.27 | 1.18 | 1.27 | 0.50 | 0.03 | 0.02 | 0.03 | 0.17 | 0.04 | 0.03 | 0.06 | 0.40 | 0.00 | 0.02
SJ10 0.64 [0.40]0.48]0.17]0.86 [ 0.88 | 0.27 | 0.28 | 049 | 1.03 [ 0.07 | 0.28 | 1.54 | 1.53 | 0.01 | 0.06 | 0.05 | 0.62 | 0.04 | 0.09 | 0.06 | 0.45 | 0.05 | 0.04
SJ12 030 [0.30]0.24]0.18|0.87 [ 0.87 | 0.21 | 0.44 | 0.36 | 1.15 | 0.05 | 0.28 | 1.24 |24.52] 0.01 | 0.06 | 0.03 | 0.62 | 0.04 | 0.04 [ 0.23 | 0.26 | 0.35 | 0.02
SJ14 038 [0.25]0.13]0.33]1.33[0.80|0.15]|247]0.18 | 1.49]0.07 | 0.42 | 1.56 | 0.85 | 0.03 | 0.01 | 0.01 | 0.44 | 0.02 ] 0.02 | 0.04 | 0.33 | 0.01 | 0.01
SJ16 0.76 | 0.35]0.46|027 | 1.14 [ 1.11 {0.16 | 1.50 | 0.17 | 1.93 [ 0.05 | 0.33 | 1.57 | 0.20 | 0.02 | 0.03 | 0.02 | 0.30 | 0.05 | 0.03 | 0.07 | 0.22 | 0.00 | 0.01
SJ19 095 ]0.38]0.26]0.21]1.46 | 1.06{0.23]2.11]0.23 | 1.63|0.21 | 0.49 | 1.75 | 0.34 | 0.04 | 0.03 | 0.02 | 0.16 | 0.04 | 0.03 | 0.03 | 0.25 | 0.00 | 0.00
SJ22 072 ]0.44]0.24]0.27]1.39 [ 0.86 | 0.21 | 3.87 ] 0.20 | 1.44 | 0.15 | 0.48 | 1.42 {0.19 [ 0.04 | 0.02 | 0.01 | 0.16 | 0.02 ] 0.03 | 0.03 | 0.25 | 0.00 | 0.01
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Table 15. Elements enriched with depth in C boreholes
(Normalized by PAAS) [26]

Table 16. Elements enriched with depth in SJ boreholes
(Normalized by PAAS) [26]

4.5. Geostatistics

The correlation matrices of the most important elements of all colors are shown in Table 17. According to this matrix, a proximity of

Sample Depth Enriched Element Sample Depth Enriched Element
Name (m) Name (m)
C2 18 Ti, Cr, U, Th, Mo, Pb, Zn SJ.1 30 Si, Ca,Na, K, P, Cr, U, Th, Sr, Pb
C3 19 Ti, Cr, U, Th, Mo, Pb, Zn SJ.2 36 Si, Ca, K, P, Mn, Cr, U, Th, Sr, Mo, Pb
C4 20 Ti, P, Cr, U, Th, Mo, Pb, Zn SJ3 40 Si, Fe, Mg, Ca, P, Mn, Cr, U, Th, Co, Ga,
Cs5 21 Ca, Ti, Cr, U, Th. Pb i Hf, Sr, Pb, Zn
Fe, Ca, Ti, P, Mn, Cr, U, Th, Mo, Pb, Si, Fe, Mg, Ca, K, P, Mn, Cr, U, Th, Hf,
C.7 23 7n SJ4 53 St. Zr. Y. Pb, Zn
Fe, Ca, Ti, Mn, Cr, U, Th, Sr, Y, Mo, Si, Ca, Na, K, P, Mn, Cr, U, Th, Co, Cs,
C38 25 Pb. Zn SJ.5 54 St Y. Pb
C9 26 Ti, P, Cr, U, Th, Sr, Y, Mo, Pb,Zn SJ6 60 Si, Mg, Ca, Na, K, P, Cr, U, Th, Hf, Sr,
C.10 28 Ti, Cr, U, Th, Y, Mo, Pb, Zn . Pb, Zn
C.11 29 Ti, Cr, U, Th, Mo, Pb SJ7 67 Si, Mg, Ca, Na, P, Mn, Cr, U, Th, Hf, Sr,
C.12 30 Ti, Mn, Cr, U, Th, Mo, Pb, Zn ) Y, Mo, Cu, Pb, Zn
C.14 32 Ca, Ti,P,Cr, U, Th, Sr, Y, Pb SJ.8 68 Si, Fe, Mg, Ca, Na, K, P, Mn, Cr, U, Th,
C.16 34 Ti, Cr, U, Th, Mo, Pb ’ Sr, Y, Pb
C.17 35 Ca, Ti, Cr, U, Th, Sr, Mo, Pb SJ.9 80 Si, Fe, Cr, U, Th, Cs, Pb
C.18 36 Ti, Cr, U, Th, Pb SJ.10 81 Cr, U, Th, Cs, Sr, Mo, Pb, Zn
C.19 37 Ti, Cr, U, Th, Pb SJ.11 82 Ca, Mn, Cr, U, Th, Cs, Sr, Mo, Pb,
C.20 37,5 Fe, Q- Ti, Mn, Cr, U, Th, Mo, Pb SJ.12 83 Cr, U, Th, Cs, Sr, Y, Mo, Pb, Zn
C.21 38 Ca, Ti, Cr, U, Th, Sr, Pb SJ.13 85 Cr, U, Th, Cs, Pb
Cc22 39 Ti, Cr, U, Th. Mo, Pb SJ.14 86 Si, K, Cr, U, Th, Sr, Pb
Cc.23 40 Ti, Cr, U, Th Pb SJ.15 88 Si, Na, K, P, Cr, U, Th, Sr, Mo, Pb
C.25 43 Ti, Cr, U, Th, Pb SJ.16 88.5 Cr, U, Th, Cs, Sr, Pb
C.27 45 Ti, Cr, U, Th, Sr, Mo, Pb SJ.17 90 Cr, U, Th, Cs, Sr, Pb
C.28 46 Ti, Cr, U, Th, Mo, Pb SJ.18 90,5 Cr, U, Th, Cs, Sr, Pb
C.29 47 Ti, P, U, Th, Y, Mo, Pb, Zn SJ.19 91 K, P, Cr, Th, Cs, Sr, Pb
Cc31 50 Ti, U, Th, Mo, Pb, Zn SJ.20 93 P, Cr,U, Th,Cs, Sr, Y, Pb
Cc32 50 Ti, U, Th, Mo, Pb SJ.21 94 Si, Na, K, P, Cr, U, Th, Cs, Sr, Mo, Pb
C33.a 52 Fe, Ti, U, Sr, Mo, Pb SJ.22 95 Si, Na, K, P, Cr, Th, Cs, Sr, Mo, Pb
C.33.b 53 Ti, Cr, U, Th, Mo Pb SJ.23 96 Na, P, Cr, Th, Cs, Sr, Pb
C34 56 Ti, Cr, U, Th, Mo Pb SJ.24 98 Si, Na, K, P, Cr, Th, Sr, Pb
SJ.25 100 Si, Cr, U, Th, Sr, Y, Pb

0.5 and above indicates a positive correlation. In this diagram, 0.51 with Fe-Mn, 0.63 with Mg-Mn, 0.54 with Fe-Na, 0.75 with Mg-

Na, 0.97 with Mn-Na, and 0.69 with Si-Ti showed a high positive correlation of 0.58 with K-Ti. Again, the matrix shows that a

proximity of -0.5 and below means a negative correlation. A negative correlation of -0.58 with Al-K, -0.65 with Fe-Ti, and -0.53 with
P-Ti was shown. According to the major element dendrogram of all samples, these elements consist of 2 groups. The elements Ti, Si,
K, and Al are in the first group. In the second group, the elements P, Fe, Na, Mn, Mg, and Ca are closely associated (Figure 15).

Table 17. Correlation matrix of major elements in all samples

Si Al Ca Fe K Mg Mn Na P Ti
Si 1,000 0,412 -0,207 -0,093 0,447 0,024 0,056 0,072 -0,294 0,691
Al 1,000 -0,349 0,263 -0,582 -0,282 0,082 -0,101 -0,007 0,139
Ca 1,000 0,220 0,090 0,201 0,150 0,156 0,381 -0,294
Fe 1,000 | 0471 | 0473 0513 | 0549 | 0466 | -0.654
K 1,000 | 0204 | 0011 0046 | -0251 | 0,582
Mg 1,000 | 0,631 0,750 | 0251 | -0352
Mn 1,000 | 0974 | 0385 | -0202
Na 1,000 0,441 -0,321
P 1,000 | -0,533
Ti 1,000
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Figure 15. Dendrogram of major elements of all samples
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The correlation matrices of trace elements for all samples are shown in Table 16. According to this matrix, it has a positive correlation
0f 0.80 with Rb-Cs, 0.64 with Rb-Th, 0.59 with Sc-Ni, 0.61 with As-Co, 0.59 with As-Cu, 0.57 with As-Mo, 0.53 with As-Ni, 0.64
with As-V, 0.79 with Be-Co, 0.95 with Be-Mo, 0.54 with Be-Pb, 0.85 with Be-Sb, 0.77 with Co-Mo, 0.58 with Co-Sb, 0.83 with Cu-
Ni, 0.68 with Cu-V, 0.61 with Cu-Zn, 0.70 with Ge-Pb, 0.66 with Ge-V, 0.64 with Ge-Cd, 0.74 with Ge-U, 0.76 with Mo-Sb, 0.81
with Nb-Ta, 0.56 with Ni-V, 0.60 with Pb-Sb, 0.78 with Pb-V, 0.78 with Pb-Cd, 0.86 with U-Cd. It has a negative correlation of-0.51
with Rb-As, -0.53 with Rb-Co, and -0.52 with Sc-Ta (Table 18). According to the trace element dendrogram of all samples, we can
group the elements into two main groups. While the elements Cs, Rb, Th, Ta, and Nb are found in the first group, the elements Ni, Cu,
Sc, Zn, V, Cd, U, Pb, Ge, Mo, Be, Sb, Co, As, Sr, Hf, and Ga are found in the second group. These two groups are compatible with
each other, while Zr and Bi are more distantly related (Figure 16).

Table 18. Correlation matrix of trace elements of all samples

Rb Sc As Be Bi Co Cu Ge Mo Nb Ni Pb Sb Ta v Zr Hf Zn Sr Cd Cs Th U Ga
Rb | 1,000 | -0,080 |-0.514 (-0,418|0,000 |-0.537 | -0,141 | -0,221 |-0,290 | 0,275 |-0,289 |-0,191 |-0,422 | 0,156 |-0,401 |-0,213 |-0,286 |-0.410 [-0,358 |-0,312 | 0,805 | 0.646 |-0,172|-0,137
Sc 1,000 | 0,049 |-0,261 | 0,000 [-0,175 | 0,447 | 0,351 |-0,340 |-0,458 | 0,596 |-0,088 | 0,003 |-0.527 | 0,266 |-0,170 | 0,351 | 0,163 [-0,124| 0,030 |-0,176 | 0,092 |-0,093 | 0,025
As 1,000 | 0,597 {0,000 | 0,615 | 0,597 [ 0,365 | 0.574 |-0,031 | 0,536 | 0,444 | 0.523 | 0,057 | 0,642 |-0,224 | 0,444 | 0,417 | 0,337 | 0,429 |-0,408 |-0,281 | 0,411 | 0,359
Be 1,000 | 0,000 | 0,792 | 0,196 | 0,342 | 0.956 | 0,228 [-0,039 | 0,542 | 0.858 | 0,394 | 0,475 |-0,210|-0,099 | 0,328 | 0,455 | 0,384 |-0,236 (-0,326 | 0,538 | 0,266
Bi 1,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000
Co 1,000 | 0,161 [-0,043 | 0.779 [-0,017 | 0,092 | 0,000 | 0,585 | 0,190 | 0,150 [-0,240 | 0,035 | 0,081 | 0,461 |-0,011 [-0,383 |-0,473 [-0,010 | 0,061
Cu 1,000 | 0,371 | 0,211 |-0,185 | 0.836 | 0,341 | 0,372 |-0,134 | 0,689 [-0,370 | 0,390 | 0.612 [-0,125 | 0,440 |-0,177 [-0,054 | 0,325 | 0,305
Ge 1,000 | 0,206 (-0,128 | 0,320 | 0,707 | 0,494 |-0,105 | 0.669 | 0,039 [ 0,193 | 0,495 | 0,246 | 0.644 |-0,244 | 0,032 | 0,740 | 0,389
Mo 1,000 | 0,376 (-0,071 | 0,463 | 0,765 | 0,482 | 0,425 |-0,353 |-0,123 | 0,301 | 0,374 | 0,258 [-0,121 |-0,253 | 0,444 | 0,394
Nb 1,000 |-0,412 [ 0,321 [-0,038 | 0.818 | 0,116 |-0,222 |-0,104 |-0,038 | -0,153 |-0,065 | 0,287 | 0,426 | 0,263 | 0,401
Ni 1,000 | 0,102 | 0,143 |-0,383 | 0,563 |-0,230 | 0,451 | 0,421 (-0,232| 0,247 [-0,299 |-0,130 | 0,066 | 0,139
Pb 1,000 | 0.609 | 0,334 | 0,788 [ 0,044 | 0,069 | 0,575 [ 0,132 | 0,788 |-0,109 [ 0,053 | 0,986 | 0,447
Sb 1,000 | 0,171 | 0,584 |-0,205 |-0,069 | 0,402 | 0,495 | 0,463 |-0,233 |-0,374 | 0,612 | 0,192
Ta 1,000 | 0,077 |-0,234 |-0,211 |-0,027 | 0,096 | 0,048 | 0,241 | 0,283 | 0,302 | 0,215
\'% 1,000 |-0,067 | 0,346 | 0,761 |-0,049 | 0,675 |-0,334 [-0,188 | 0.752 | 0,544
Zr 1,000 | 0,182 (-0,059 [-0,028 | 0,153 |-0,272 (-0,283 | 0,076 |-0,218
Hf 1,000 | 0,298 [ 0,095 | 0,227 [-0,365 |-0,059 | 0,068 | 0,213
Zn 1,000 |-0,061 | 0,767 |-0,337 [-0,218 | 0.577 | 0,504
Sr 1,000 | 0,124 (-0,276 |-0,232 | 0,157 | 0,109
Cd 1,000 |-0,225 (-0,102 | 0.816 | 0,280
Cs 1,000 | 0,629 [-0,117 | -0,144
Th 1,000 | 0,017 | 0,094
U 1,000 | 0,382
Ga 1,000

Figure 16. Trace element dendrogram of all samples
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5. CONCLUSION

Rocks of organic origin are the result of physical and chemical changes and the accumulation of plant and animal remains in the
water. These rocks, which generally form sedimentary rocks and have economic value, are composed of carbon, oxygen, hydrogen,
nitrogen, sulfide, and various trace elements. For the organic content to be considered high, the carbon content must be greater than 70
percent by volume and 50 percent by mass. Although the inorganic elements in these rocks rich in organic matter have negative effects
on the environment and human health, they can be important material resources that the technologies need when they are
economically enriched [27,28].

Our results Show that the redox-sensitive, organophilic, carbonate mineral-forming and detrital elements of the oil shales in Sorgun
Yeni Celtek field are enriched according to the upper continental crust, post-Archean shale (PAAS), and average shale. The elemental
enrichments of these organic-rich rocks were compared with organic-rich rocks or sapropels from different regions of the world,
namely Peruvian coastal shelf sediments, Namibian mud lenses, Mediterranean sapropels (> 2 % TOC), Black Sea sapropels (B1),
Cenoman/Turon (C/T) Demerara Uplift anoxic sediments, and C/T Gubbio anoxic sediments.

Silisium, which is enriched in almost all the samples studied, ranges from 1.03 to 1.38 times, P from 1.06 to 1.87 times, Cr from 8.02
to 18.49 times, U from 1.00 to 268.26 times, Th from 1.27 to 6.86 times, Sr from 1.1 to 5.24 times, and Pb from 1.12 to 4.54 times
(Tables 15 and 16). Geostatistical evaluation of the studied samples showed a high positive correlation with Fe-Mn, Mg-Mn, Fe-Na,
Mg-Na, Mn-Na, Si-Ti, and K-Ti for the main elements. It showed a negative correlation with Al-K and Fe-Ti and P-Ti. In the
petrographic investigations carried out in the study area, detrital and authigenic origin minerals and enriched elements were found in
the Celtek Formation rock samples rich in organic material, depending on the depth. In addition to the main minerals pyrite, quartz,
and kaolinite, smaller amounts of minerals such as illite, muscovite, plagioclase, gypsum, and dolomite were also detected. The
geochemical analyzes of the samples suggest that the presence of the element Cu originates from clay minerals and quartz grains [29]
and that it may be contributed by rocks such as granite and granodiorite, which form the basement rocks of the basin, as a possible
source of U and Th in such deposits [4,5,30]. The presence and enrichment of elements such as Ge, Au, Pb, Zn, and U-Th indicate a
hydrothermal effect [31]. In previous studies, the enrichment of Al, Si, K, and CI in elemental enrichment in rocks rich in organic
matter has been associated with terrestrial quartz grains, autogenous clay minerals, and chlorites [32]. Sulfur present in such rocks
continues to exist in the environment, depending on its origin. Pyrite generally consists of syngenetic pyrite framboids, euhedral
crystals, and massive grains in a reducing environment. Pyrite of framboidal origin was generally found in samples from the study
area. It has been suggested that this type of pyrite is bacterial in origin [33]. However, Wiese and Fyfe [34] suggest that it is fungal in
origin.

Quartz, the most abundant mineral in the samples, is one of the most important minerals of terrestrial origin. Among the clay minerals,
it consists mainly of kaolinite and less of illite. The formations and origins of clays are generally authigenic [35]. These minerals are
generally formed by the weathering of volcanic material [36,37]. Mica occurs as muscovite, and muscovite is generally detrital in
origin. However, sometimes feldspar can be of authigenic origin and formed by superficial weathering processes [35]. The origin of
gypsum may be epigenetic or exogenous [35]. Calcite is the most abundant carbonate mineral in rocks such as oil shale and coal,
which are rich in organic matter. Since Ca-bearing minerals generally originate from seawater, they lead to the enrichment of elements
such as P, K, Ca, Al, and Si[32]. Major elements such as Cr and Ti are generally enriched at all depths.

Trace elements such as U, Th, and Pb are also enriched at each depth, while Mo and Zn are enriched at some levels and consumed at
some levels. The presence of trace elements in organic material may depend on many factors. While some of the trace elements are
already present in the environment when the organic matter is formed, some of them are enriched or consumed depending on the
maturation and decomposition processes they have undergone [38]. The most important factor affecting the abundance of these trace
elements is mineral composition [39]. In addition to geological processes such as faulting, the mobility of elements in the environment
due to climatic events can also lead to the enrichment of elements in minerals [40].

When examining the major and trace element correlations of the samples, the strong positive correlation between Rb and K is due to
the presence of Rb in the potassium-forming minerals [41]. However, the presence of potassium feldspar and illite/muscovite in the
samples could be the reason for the negative correlation between Rb and potassium in these samples [40]. In trace element analysis,
the enrichment of elements such as Cu, Mo, Zn, Pb, V, and Cr is associated with clay minerals and organic material [42]. Pyrite
minerals in organic material are also one of the most important factors affecting element enrichment [43 44].
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Consequently, trace element contents in samples are affected by processes of change such as oxidation, evaporation, and maturation of
organic matter. In mineral formation; temperature and the presence of oxygen; oxidation of mineral phase (oxidation of pyrite and
marcasite to F203), dehydration of minerals (H20 and OH groups are released from clay minerals and mica), recrystallization of
minerals (anisotropic transformation of SiO2, e.g. tridymite-cristobalite), formation of metastable phases, mineral formation at high
temperatures (e.g., mullite), mineral crystallization from the melt (e.g., indivalite), and weathering processes (surface weathering) of
some minerals can be effective. A combination of all these process factors can influence the element-mineral ratio in the study area.

According to these results, petroleum can be extracted from the oil shale of the Celtek Formation. It is possible to economically
extract naturally occurring radioactive elements such as U, Th, and K and other enriched trace elements such as Mn, Mg, Pb, Zr, Sr,
K, Ti, Ca, Rb, U, and Co. However, this study should be supported by new scientific and economic project studies combining different
disciplines (such as mining, chemistry, and metallurgy).
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